ED 174 811

TI TLE

INSTITUTION
SPCNS PGENCY

PUB DATE
NOTE

EDRS PRICE
DESCRI FICRS

IDENTIFIERS

ABSTRACT

DOCUMERY RESUHNE
SE 027 980

Biomedical Science, Unit I: Respiration in Health and
Medicine. Respiratory Anatomy, Fhysiology and
Fathology; The Behavior of Gases; Introductory
Chemistry; and Air Polluticn. Student Text. Revised
Version, 1975.

Biowedical Interdisciplinary Curriculum Project,
Berkeley, Calif.

National Science Foundation, Washington, D.C.

75

274p.; Por related dccuments, see SE 027 978-999 and
SE 028 510-516:; Not available in hard copy due tc
copyright restricticns

MFO01 Plus Postage. PC Not BAvailable from EDRS.
Bnatomy; Chemistry; Environment; *Health; *Health
Education; Higher Education; Medical Education;
Pathology; Physics; *Physiology; *Science Education;
Secondary Education

*Respiration

This student text deals with the human respiratory

system and its relation to the environment. Tcpics include the
process of respiraticn, the relationship cf air to diseases of the
respiratcry system, the chemical and physical properties of gases,
+he impact on air quali+y of human activities and the effect of this
air rollution on health. Superimposed on the lesscns in scientific
principles throughout the text is a continuing case study of a man's
life sran using respiratory health as the concept under analysis in

this context. (RE)

e o ke ol o ok ok o ok ok ok o ok 3k ok o o o ol o ol ookl sl ol ol ol ol ool ok o o o o ok o e i o ol ool o o o ol ok e ol o ok o o o ok e o o ek ok ke ok
* Reproductions supplied by EDES are the kest that can be mads

*

frcm the original document.

*
*

sole o ok ok ok ok ok o o e s ok ok s ok ok o 3l e 3 o ofe e e o ok ode o ol o ok ok ode b ke ok o ode o ol o o ok ofe e ok ok ke Sk kol sk e ok ok ok o ok ok Sk e ok o ok ek ok ok ok ok

ERIC

IToxt Provided by ERI



“PERMISSION TO REPRODUCE THIS
MATERIAL IN MICROFICHE ONLY
HAS BEEN GRANTED BY

Mary L. Charles
- "NSE

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC} AND
USERS OF THE ERIC SYSTEM.”

US OEPARTMENT OF HEALTH,
EDUCATION A WELFARE
NATIONAL INSTITUTE OF

EDUCATION

1H1S DOCUMENT HAS BEEN REPRO-
DUCED EXACTLY AS RECEIVED FROM
YHE PERSON OR ORGANIZATION ORIGIN-
“ATING IT POINTS OF VIEW OR OPINIONS
STATED DO NOT NECESSARILY REPRE-
SENTOFFICIAL MATIONAL INSTITUTE OF
EDUCATION POSITION OR PCLICY

b d

ERIC

Aruitoxt provided by Eic:



BIOMEDICAL SCIENCE

UNIT I

RESPIRATION IN HEALTH AND
MEDICINE

RESPIRATORY ANATOMY, PHYSIOLOGY AND
PaTHoLOGY; THE BEHAVIOR OF GASES;
INTRODUCTORY CHEMISTRY; AND AIR PoLLUTION

STUDENT TEXT
Revisep VERsion, 1975

THE BIOMEDICAL INTERDISCIPLINARY CURRICULUM PROJECT

SUPPORTED BY THE NATIONAL SCIENCE FOUNDATION

Any opinions, findings, conclusions or recommendations expressed
herein are those of the author and do not necessarily reflect
the views of the National Science Foundation.

Copyright (:) California Committee on Regional Medical Programs, 1975

ERIC g




TABLE OF CONTENTS‘

Page

SECTION 1-1 Why a "Biomedical Curriculum?. . . . . . . . « « « « « « + « & 1
1-2 Why an "Interdisciplinary" Curviculum?. . . . . . . . . . . . . 3

1-3 The Biomedical Science Curriculum--A Bird's Eye View. . . . . . 3

SECTION 2-1 Biomedicine and the Balance . . . . . . . « « « « « « « « o « & 5
2-2 King Toot and his Glurk of Silver . . . . . . . . . . « « « .« . 5

2-3 What Does a Laboratory Balance Measure? . . . . . . . . . . « . 7

SECTION 3-1 The Limitations of Measurement. . . . . . . « « « « « « + « « . 10
3-2 Accuracy and Precision. . . . . . . . o . o ... :W. . . .. 10

3-3 The Measurement of Space. . . . « « « &« « « o « o = &+« oo oo 12

SECTION 4-1 Density . . « . « & o o o+ o o s o o o o o o s o o 0 0 o v = s 14
4-2 Averaging Measurements. . . . . . . . . . . . e e e e e .. e 15

SECTION S-1 Length. . . . . « & & ¢« v v v o o o o v o o o o v o v e o e s 17
522 ATE@. + o v e e e e e e e e e e e e e e e e e e e e e e e 20

523 VOLUME. &+ « o o o o o e e e e e e e e e e e e e e e e e e e e 2

5-4 Specific Gravity. . . . . . . . . . )

SECTION 6-1 Temperature Scales. . . . . . « « « « « o o o o o o o o o o &+ 22
6-2 How Does a Thermometer Work?. . . . . . . . « . « ¢« « « « « « & 24
PROBLEM SET 6. &« « « « « o o o o o o o & o o o o o s o o s o o o = o o & = ¢ 25
REVIEW SET 7 L e e e e e e e e 27
SECTION 8-1 Tommy's Case Record--Age 0. . . . . . « « « « o « « o o o o 28
8-2 The Nature of Respiration . . ; P 2

8-3 The Air You Breathe In. . . . . . « « « + « o o o« o & o o o o 32

SECTION 9-1 How Our Lungs Get ALT . . . o « « o & o o o o o o v oo v o s e 34
9-2 The Air You Breathe Out . . . . . . « « « o o o o & ¢ o o o o 36

SECTION 10-1 Tommy's Case Record--Age 3. . . . . . « « o « « o o v v v o0 e 38
10—2'Tommy‘s TrOUBLE . & o v + v e e e e e e e e e e e e e e e e 40

10-3 From Organs to Cells. . . . . « « « & o ¢ o o v o o v v 00 e e 43

+




TABLE OF CONTENTS
o (continued)

SECTION 11-1 Bacterial Respiratory Diseases. . . . . . . . . . . . . . . . 47
11-2 Viral Respiratory Diseases. . . . . « . « + v v v v o o « « . 47

11-3 Influenza . . . . . . . . . v 4 v v 4 e v v e e e e e e ... 48

REVIEW SET 12 . . . . + . v v v v v v e e v v e e e v e v e e v e v v o .. 53
SECTION 13-1 Tommy's Case Record--Age 14 . . . . . . . . . . . v . . . .. 54
13-2 Pressure. . . . . . . . . o4 i i i i e e e e ... BS

13-3 Preséure inaFluid . . . ... ... ... .. ....... 58

13-4 Measuring Pressure. . . . . . . . . . . . . 4 . . e . . ... 60

SECTION 14-1 Where Air and Blood Meet. . . . . . . . . o v v v v « o . . . 63
14-2 Aerobic Capacity. . . . . . . . . . . . . . . v v v . ... 66

SECTION 15-1 Tom's Case Record--Age 16 . . . . . . . . . v« v v v v « . . . 68
215-2 Hypoxia . . . . . L L. L L. L s s T2

15-3 The Air at High Altitudes . . . p A

15-4 Differences in Substances . . . . . . . . . . ... e e e e .. 73

15-5 Pressuré in a Gas . . . . . . . . . . v v 4 v i e e i e .. TS

15-6 Temperature in @ Gas. . . . . . 4 « . 4 v e b e e s e e e .. 76

SECTION 16-1 The Pressure of the Atmosphere. . . . . . . . . . . . . . . . 79
16-2 Respiration at High Altitude. . . . . . . . . .. ... ... 81

16-3 Adaptat&on to Altitude. . . . . . . . . . . ... ... ... 81

SECTION 17-1 Tom's Case Record--Age 17 . . . . . . . . . . .. .. .. .. 83
17-2 The Neural Control of Breathing . . . . . . . .. ... . .. 85

17-3 Respiratory Response toCold. . . . . . . .. .. ... ... 86

SECTION 18-1 Lung Volumes and Capacities . . . . . . . . . v « « « . . . . 87
18-2 The Breaking-Point Reflex . . . . . . . . . . . .. ... .. 88

SECTION 19-1 Tom's Case Record--Age 18 . . . . . . . . . . . . v . . ... 89
19-2 The Mechanics of Breathing. . . . . . . . .. .. ... ... 92

19-3"-Collapse of the Lung. . . . . . . . . . . . v v v v v v .. . 92

<y




TABLE OF CONTENTS
{continued)

Page

REVIEW SET 19 . . . & . v v v v e v h h e s o e o e o e e o e e e o v 0w . 96
SECTION 20-1 Tom's Case Record--Age 21 . . . . . . « . . ¢« v « v ¢« « +« . . 098
20-2 Attraction and Repulsion. . . . . . « +« + v v « 4 4 4 0 . . . 101

20-3 Current and Voltage . . . . . . . + « ¢ + « v v v « « « . . 104

20-4 Artificial Respiration. . . . . . . . . . . . . o .. . ... 107

SECTION 21-1 Chemistry and Biomedicine . . . . . . . . . . . . . . . . .. 110
21-2 Atoms and Ions. . . . . . 4 . . 4 e 4 e e e e . . ... o. . . 110

21-3 ELementS. . + v v o v v m e e e e e e e e e e e e .. 113

21-4 Electron Orbitals . . . . . . . . . . . .« . . .. . 0L 11T

PROBLEM SET 21. . . . ¢ & v & & v v v s v e e v e o e e e e e v e e e v w119
SECTION 22-1 Ionic Bonding . . . . . . . « « ¢ v v & ¢ v o v o v o« o« 120
22-2 Electron-Dot Formulas . . P S .
22-3 The Periodic Table. . . . . . . « . v « v & « v v v o« o o o 123
22-4 Ioms in Solution. . . . . . . . . . o . oL e e . . 126
PROBLEM SET 22. . . . . + v v v v i v v e e e e o e e e e e e e e .. 128
SECTION 23-1 Covalent Bonding. . . . . . . . . . « « ¢ « ¢ « v o oov o« . 129
23-2 Structural Formulas and Molecular Formulas. . . . . . . . . . 132
23-2 More Examples of Covalent Bonding . . . . . . . . . . . . . . 134
23-4 Molecules . . . . . . . v i 4 4 e e e 4 e e e e e e e e ... 135
"SECTION 24-1 Double and Triple Bonds . . . . . . . « . « . . « .« . « .+« . . 136
24-2 Polyatomic IONS . + + + v & 4 4 4 4+ e 4 4 w4 s 4 e e . . . . 139
24-3 Tom's Case Record--Age 28 . . . . . . . . « « « « « .« . . . . 140
24-4 Drowning. . . . . . . . . e e e e e e e e e e e e e e e .. 144
PROBLEM SET 24. . . © v v v 4 « v v v e v e e e e e e e e e e e e e .. 146
SECTION 25-1 Chemical Reactions. . . . « . . + « « v « « v o & & o « « . . 147
25-2 Reversible Reactions. . . . . . . + « « « ¢ « ¢ & o . . . . . 149

25-3 Reactions Involving Ions. . . . . . « . . « « « o o . . . . . 149

t



TABLE OF CONTENTS
(continued)

PROBLEM SET 25. . . . . . & i . . i it e e e et e e e e e e e e e s 18
SECTION 26-1 Molecular Weights . . . . . . . . v v v v v v v v v v v o . . 154
26-2 Quantities in Chemical Reactions. . . . . . . . . . . . . . . 156
PROBLEM SET 26. . .« . v v v v v v v v v v e e e e e e e e e u ; « + « .+ . 159
SECTION 27-1 Tom's Case Record--Age 33 . . . . v v v v v v v v v v o . .. . 161
27-2 Asthma. . . . . . . . e e e e e e e e e e e e e e e e e . . 164

27-3 Units for Chemical Quantities . . . . . . . . . . . « . . . . 166

27-4 The Unit Called the MOle. o v v o v v e v o o o o o o o o o0 167...

27-5 Converting Between Units of Mass and Moles. . . . . . . . . . 169
PROBLEM SET 27. . . . & & v v i i bt e e e e et e e e et e e e e e e w172
SECTION 28-1 The Concentration of a Solution . . . . . . . . . « . . . . . 174
PROBLEM SET 28. . . . & v v v v it et et e e e et e e e e e e e e e e 177
REVIEW SET 28 . . . & v & i o v ettt e et e e e e o e e e e e e e e u 1§8
SECTION 29-1 Tom's Case Record--Age 37 . . v v v v v v ¢ « v v v « « « . . 180
29-2 Acids . . . . L s e e e e s e e e e e e e e e e e e .. 184
29-3 BASES . . . . 4 i i e e e e e e e e e e e e e e e e e .. . 186
29-4 Neutralization and Salts. . . . . . v « ¢ ¢ & « « ¢« « « . . . 186
29-5 Indicators and Titration. ; e e e e ke e 4 4 e 4 e 4 e . . 188
PROBLEM SET 29. . . . . . & ¢ ¢ i i i i e e v 4 e e o e e e e e e e w190
SECTION 30-1 pH as a Measure of Acidity. . . . . . . «-%v ¢« « v « « . « . . 191
SECTION 31-1 Carbon Dioxide and the pH of Blood. ... . . . . . . . . . . . 195
31-2 The Chemical Regulation of Breathing. . . . . . . . . . . . . 196
31-3 Respiratory Alkalosis . . . . . . . . . . . . . ¢« o . . . 198
SECTION 33-1_ ALVeOli . + & & v v 4 e 4 4 e e e v o v e i e e e e e v e w201
33-2 .Diffusion A

33-3 The Transport of Oxygen from the Lungs to the Body. . . . . . 204

N7




TABLE OF CONTENTS
(continued)

SECTION 34-1 Bumps, Runny Noses and the Movement of Water. . . . . . . . . 207
34-2 Osmosis.and the Movément of Water . . . . . . . . . . .. . . 207
34~-3 Osmosis in Cells and Tissues. . . « + + « + 4+ « ¢« &« « « » » . 209
SECTION 35-1 Avogadro's Principle. . . . . . . « + « + ¢« « v v & « 4 « . . 210
35-2 The Volume of One Mole of Gag .
PROBLEM SET 35. . . « & v v v 4 4 « s 4 & o o o o s o« v v s o« w o o o« o215
SECTION 36-1 The Universal Gas Law . . . . . « « + ¢ &« « « &« v« « « « . . 216
PROBLEM SET 36. . v« « « « s & w6 o s o 0 o o o o s o o o o« o o « « « . o 220
SECTION 37-1 Partial Pressure. . . . . .« . + + & & ¢ o 4« ¢ « o o o« « « « . 220
37-2 Decompression Sickness, or "The Bends". . . . . . . . . . . . 222
37-3 Partial Pressure, Gas Transport and Altitude. . . . . . . . . 223
PROBLEM SET 37. + & v ¢ & « & & v 4 o v o o 4 o a s o o o o v o o o o o . . 224
REVIEW SET 37 . . . . .-. A
SECTION 38-1 Tom's Case Record--Age 42 . . . . « « & ¢ « ¢ « o o « » o« . . 227
38-2 Surface Area and Respiration. . . . . . . . . . . . . . . .. 230
38-3 Chronic Bronchitis. . . . . . . ... e e e e e e e e e e, 234
SECTION 39-1 Air POlIUtIiOn « « « « & « & o o« o o o o « o o o « o o + o « . 236
39-2 Air PollutantS. . o . v o ¢ ¢ « + e 4 4 e e e e e e e e .. 237
PROBLEM SET 39. + + v v « « ¢ 4 ¢ « ¢ vt v v o e e e e e e e e e e ... 240
SECTION 40-1 The Movement of AIT . . . . . . . « « v ¢ « ¢ v v o « v . « . 241
40-2 INVETSIONS. « &+ & ¢ v & v« « 4t e e e e e e e e e e e ... 243
SECTION 41-1 Tom's Case Record--Age 45 . . . . . . . . . « « ¢« « « « . . . 245
41-2 EMPhYSeMa . « « + + v v o v et e e e e e e e e e ... 249
SECTION 42-1 Air Pollution and Health. . . . . . . . . . . . . . . . . . . 251
42-2 Self-Induced Air Pollution. . . . . . « . « . o« o o« . 253

——

42-3 What Can Be Done About Air Pollution. . . . . . . . . . . . . 254

&




TABLE OF CONTENTS
(continued)

SECTION 43-1 Tom's Case Record--Epilogue .
43-2 Tom's Death .
43-3 Emphysema Statistics.

REVIEW SET 43 .

UNIT REVIEW SET .

. 263
. 265

. 266



SECTION 1:

Welcome. We wish we writers could be in a big meeting room
together with all of you who are about to begin the Biomedical
Interdisciplinary Curriculum. You c¢ould tell us about your interests
and aspirations. 1In turn, we could introduce ourselves, explain our
views on the curriculum and tell you how the curriculum will respond
to your goals. You would probably be surprised at the number of
us in the meeting room. Perhaps fifty or more individuals have made
a significant contribution to the product--teachers, .scientists,
medical professionals, social scientigts, mathematicians and others.
The assortment of "creators" includes many different backgrounds
and viewpoints. Each of us might not explain the curriculum in the
same terms, yet each would agree on at least two points. First,
there is a pressing need for a curriculum specifically designed for
young people interested in careers in medicine and health. Secondly,
this biomedical curriculum should be "interdisciplinary." That is,
it should discuss the important medical problems in relation to what-
ever concepts are needed to solve them—--whether these principles
come from physiology, mathematics, chemistry, social sciences or
wherever.

1-1 why a "Biomedical"” Curriculum?

Perhaps you may wonder why we feel that there is such a need for
a medically-oriented curriculum. After all, we live in the United
States, a country with a high standard of living and wiih some of the
world's finest medical institutions. We have certainly benefited
from the great international developments in medical technology made
during the last fifty years or so. These developments have dramatical-
ly changed the relation between man and disease.

Defective hearts may be repaired through cardiovascular sur-
gery. Perhaps most spectacular has been the replacement of defec-
tive organs through transplantation. 1Insulin is now used to con-
trol diabetes. Vaccines have been developed to prevent polio and
many other diseases. Malaria and typhoid fever are far less com-
mon than they were formerly, and tuberculosis has been almost com~
pletely eliminated in the United States.

But despite the remarkable advances in technology, the American
people are not enjoying the best health possible. Listed below are
a few facts that indicate the nature of some of our health problems.

1. Over one million Americans die each year from heart dis-
ease. Medical specialists estimate that the death rate from heart
disease could be cut in half if what is known by medical specialists
was known and heeded by the entire population.

2. The average American Indian dies when he is 20 years young-
er than the average non-Indian.

3. Death from pregnancy and childbirth is almost four times
as frequent among non-whites as among the white population.
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4. It is estimated that over 400 million days of work are
lost each year because of problems related to health.

5. There is no sharp line separating health and disease, for
there are many degrees of health and diseases. Probably all of us
could be healthier than we are--more alive, more productive.

The reasons for America's health problems are many and complex.
Some problems are related to technology itself. Technology has
added pollutants to the air we breathe and the water we drink.
Technology has eliminated for many the physical exercise once re-
quired to perform life's daily tasks. And technology has added
ingredients -to our food whose role in the body is not always well

understood.

Ignorance is a major problem confronting health. The human
body is very complicated, and the processes going on within
it are not entirely understood. There is also ignorance by many
people of some very basic and readily available information on the
human body and its health. Ignorance of what is known about health
is one problem which it is hoped this curriculum will reduce.

Other problems involve the health care professions themselves.
The shortage of many types of trained personnel and the high cost
of medical care are but two examples.

How can the health of our population be improved? We can sug-
gest a few general possibilities.

More people are needed to enter careers in health professions.
Also, more attention must be given to the underprivileged parts of
our own population and the populations of less affluent countries.

Technology and social values are changing so rapidly in our
society that an individual must take greater responsibility for
his own health. You must obtain information on matters of health
and make many decisions that concern your own health. The most
important part of health education should be not on cures but on
prevention. You can better enjoy health by avoiding disease than
by knowing its treatment when you are ill.

And perhaps medical care should be directed more toward the
patient as a person. The whole person should be considered, not
merely the parts of his body. We should focus our concentration
not on his diseases but the health of his-entire body.

It is hoped that the Biomedical Curriculum will prepare you
‘to help in these needed changes. It will provide you with the
background to understand the current state of medical science and
the needs of medical science.

Though some of the health professions are overstaffed, most
others are in need of qualified workers. There are now over 200
different health careers and it is almost certain that there will

I



be many more in the future. In the curriculum you will learn not
only about health and disease, but about some of the profesional
roles you may someday play in health-related fields. Our idea will
be to prrovide you with a glimpse of many possible medical careers
so that you can judge which one(s) is best suited to your interests
and talents.

1-2 Wwhy an "Interdisciplinary" Curriculum?

Having established the need for a "biomedical" curriculum it
becomes easier to explain the need for courses that are also "inter-
disciplinary." Workers in the health fields must often consider the
total person or the parts of that person (biology). Sometimes, the
.crucial consideration may involve one or more of the thousands of
different substances housed in our body or the reactions of these
substances (chemistry and biochemistry). At other times, the human
being must be viewed as a complex machine that transforms energy
'from one form to another, moves at some speed and does work (physics).
However, more often than not, the solution-of~a health problem re-=— - ---—-
guires input from all of the sciences--in other words, an inter-
disciplinary approach.

Nor is this interdisciplinary approach to health problems limited
to science alone. Almost every scientific concept has a mathematical
basis. The computer, for example, is based on mathematical princi-
ples that you will be learning in the curriculum. This device is
changing virtually every aspect of medicine from library research
to the diagnosis of disease. It is no wonder that most health pro-
fessionals are expected to have some foundation in mathematics.

Finally, we should note that health problems cannot be solved
by even the most brilliant scientists and mathematicians alone.
These problems are human problems profoundly affected by society,
human values, culture, money, government, politics, law--in short,
social sciences. So the complete biomedical interdisciplinary package
contains many areas of social science related to health and medicine.

1-3 The Biomedical Science Curriculum--A Bird's Eye View

From here on, we will be concerned mainly with the science
part of the package. To understand disease and health, we must
first comprehend the human body and how it should function ideally.
After all, it is significant deviations from normal or ideal function-
ing that we recognize As disease. But to understand the nature of
our incredibly complex body is a real challenge.

Because of this complexity, we will proceed to study man One
part at a time. The most meaningful way to do this is to consider
parts that function together in what biologists call systems or
organ systems. For example, the mouth, the lungs and the other parts
of the body involved in breathing compose one of these systems--the
respiratory system. There are only a limited number of systems in
the body and each of these will be considered in some depth. When
you have a good understanding of these systems, you will know a lot
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about the human organism. If you add to this knowledge, a compre-
hension of the social sciences, you will know a lot about how humans

function in society.

A preview of coming attractions is in order. The biomedical
science curriculum begins with the respiratory system which we “a:ve
already mentioned. The early lessons develop basic concepts and
techniques that will be used in ‘the laboratory throughout the curri-
culum. The unit on the respiratory system will proceed to consider
the air we breath in and out and what happens to this air within the
body. These subjects are medically relevant because many important
diseases ranging from the common cold to lung cancer involve the
respiratory system and these diseases will be considered when appro-
priate. To understand these diseases and the respiratory system, we
will probe into the chemical nature of gases and some basic chemistry.
Finally, we will consider some effects of technology on the respira-
tory system--in particular, health problems stemming from air
pollution.

Later units will include nutrition and the digestive system,
the circulatory system (blood vessels and the heart), the brain and
the nervous system, the muscular system, the skeletal system (bones)
and the reproductive system and genetics. Throughout, the major
emphasis will be on disease, health and health careers. A second
major emphasis will be on laboratory activities. You will have the
opportunity to experience what is involved in the different kinds
of health careers through the laboratory. In the final unit, health
problems may be selected for more intensive study and projects may
be done involving these health problems.



SECTION 2:

H2-I Bibmedicihe and the Balance

How is the balance used in biomedicine?

How much of substance X do I have? From earlier science courses,
you probably remember that one answer to this question can be found
by weighing substance X. You are probably also aware that chemists
spend quite a lot of their time weighing out guantities of substances.
One of their most important tools is the laboratory balance. S

What you may not have known before is that the laboratory balance
plays just as important a role in biomedicine. In a typical case, the
identification of a patient's disease is based,.at least in part, on
the results of laboratory tests made on samples taken from the patient.
These may be blood samples, urine samples or other kinds of samples.
The physician sends the samples off to the lab for particular tests.
After a time the lab report comes back, and the physician uses the
results of the lab tests in deciding the best treatment for the

patient.

What the patient never sees is what happens in the laboratory.
There he would find a laboratory technician whose business it is to
perform the required tests. It is the technician who uses the balance
time and time again to weigh out chemicals that are used in the tests.

As you proceed through this course, you will have an opportunity
to perform many of the tests that are used in medical laboratories.
In the process, the balance will become like an old and trusted
friend (or perhaps a hated enemy, if it doesn't work properly). If
you learn to use it carefully and properly from the beginning, you
will find that the results of the tests that you make will be much
more accurate.

It is important to realize that the making of measurements in
biomedicine is a very serious business. If a physician bases his
judgments on faulty lab reports, he may prescribe drugs or other
treatments that nc' only do not help the patient but actually harm

him.

Speaking of drugs, they constitute a second major area in which
the balance is used in biomedicine. Pharmacists frequently use the
balance in making up prescriptions. Again, it is easy to imagine
what might happen if a pharmacist became careless about the amount
of a potent drug in a patient's medicine.

2-2 King Toot and his Glurk of Silver

The invention of the balance preceded the beginnings of recorded
history. And apparently it was invented more than once in different
parts of the world. This is not surprising since it satisfied an

economic need.

In its simplest form the balance is nothing more than a horizon-
tal beam hung from its center by a piece of string or cord. At each
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end of the beam a container is attached. If the balance is made pro-

..perly, the beam remains horizontazl when the two containers are empty.. .-

In other words, the containers are "in balance."

You can probably think of many uses for such a device even in
a prehistoric society. For example, two families cooperate in
raising a crop of grain, agreeing to share the grain equally after
the harvest. It is easy to see how they can use the balance to make
a fair division of the crop.

Let's take a somewhat more complicated example that involves a
medium of exchange. King Toot's people have quite a lot of silver,
and silver is their medium of exchange. A typical transaction might
go as follows.

Buyer: "I'll give you this lump of silver for that cow over there.”
Seller: "No deal! I sold a cow yesterday for these two lumps of silver.”

Buyer: "But those two lumps put together would be smaller than my lump
of silver.”

Seller: "Who are you trying to kid? My two lumps would make one and a
half of yours.”

Perhaps eventually a deal is made, but the problem is clear.
No one has a way to tell how much silver he has. '

King Toot has been concerned about this problem for some time,
mainly because his people spend more time arguing than they do work-
ing. One day he hits upon a soluticn. He decrees that the value of
all types of goods will be related to the weight of a sacred silver
nugget which he keeps at the Royal Treasury. He calls the weight of
this nugget a "glurk." . From now on, the unit of exchange will be
the glurk of silver, which is a weight of silver equal to the weight
of his sacred nugget.
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Let's listen in on a later transaction which follows the King'é._ .....

decree.
""Buyer: "I'll give you three glurks for your broken-down nag."
Seller: "That's a fair price. Let's go down to the treasury to weigh out

your silver."

Buyer: "I'm sure getting tired of going down ther«: every time I want to
buy or sell something.”

The next step, of course, is the minting of coins, all of which
contain a specific weight of silver. 1In order to get them the right
weight, once again the King's nugget and the balance are used.

What has all this to do with science? You might think not very
much, but there is one important connection. King Toot's people .
needed a way to determine the quantities of substances that was re-
producible. This is what the balance did for them; it provided a
measurement that could be reproduced at will. A glurk of silver was
the same amount on Thursday as it had been on Tuesday. ’

Underlying all scientific r+vw».irch is the need for reproducible
measurements. Without reproducibiiity, the reporting of scientific
findings would become a meaningless hodgepodge of claims and counter-
claims. - This is so because no one could report precisely what he
did or precisely what the results were.

2-3 What Does a Laboratory Balance Measure?

We have discussed the use of the balance in weighing various
objects and substances. But what is weight?

The weight of an object is the force with which gravity acts
on an object, and consequently, the force the object exerts on what
is underneath it. Since the force of gravity changes from place to
place, weight is dependent upon location.

Consider an ordinary bathroom scale. A large man steps onto the
platform. The platform presses down on springs that are inside the
scales. The compression of the springs gives a dial reading of 200
1b. If the scales are accurate, this is the force that the man ex-
erts on the platform.

Now let's transport the man and the scales to the surface of
the moon. There we find a dial reading of less than 40 1lb, because
the force of gravity is only one-sixth as much on the moon as on the

earth.

Perhaps more surprising is the fact that a man who weighs 200
1b at the equator would weigh over 202 1lb at the North Pole. 1In
other words, gravity and weight vary even on the surface of the
earth. '

Although the concept of weight is an important one and has many
uses, scientists tend more often to deal with a property called mass.
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Mass may be said to be the quantity of matter in an object. It is
a-property that does not change -as the object moves from one place
to another. In other words, mass is independent of the force of
gravity.

Recall that the balance may be used to compare the quantity of
a substance in relation to some standard. In XKing Toot's realm that
standard was the king's glurk of silver. If a quantity of gold or
grain balanced the glurk of silver in Tootland, the two sides would
remain in balance at the North Pole or on the moon. What the balance
measures is mass; and it measures mass in relation to some standard
mass.

The standard mass used by scientists throughout the world is
the kilogram. At Sevres, near Paris, there is a block of platinum-
iridium alloy known as the "international prototype kilogram" The
mass of this particular block of metal is defined as one kilogram.

The prefix "kilo-" comes from the Greek word for "thousand"
and, as you might expect, there is a second mass unit--the gram--
which is defined as one-thousandth of a kilogram. As you will see
in Laboratory Activity 2, laboratory balances are designed to mea-
sure mass in relation to the gram.

Although it is important that you know the difference between
mass and weight, you will find that scientists are not always consis-
tent in their use of the words. Even our language gets in the way
of keeping these two ideas separate. For example, the word "weigh"
might mean to find the weight or to find the mass of an object. The
problem is that we have no single word in English that can be sub-
stituted for "find the mass."

When you step on a bathroom scale, the dial gives vour weight
in pounds. But when you are weighed in a doctor's office, a balance
is used. Since a balance measures mass, this instrument gives your
mass in pounds. When people of most other countries step on a bath-
room scale the resulting weight is given in kilograms. In other
words, there are kilograms of mass and kilograms of weight, as well
as pounds of weight and pounds of mass.

The important thing to remember out of all this is that whether
you are dealing with a weight or a mass depends upon the kind of
instrument used to make the measurement. Moreover, weight changes
with location, while mass does not.

The following table gives the abbreviations for grams and kilo-
grams plus some equivalences to give you an idea of how these units
compare with the units you are more familiar with. The symbol "="
stands for "approximately equal to."



UNIT ABBREVIATION BQUIVALENCES

gram g

kilogram kg 1 kg = 1000 g
1 kg =~ 2.2 1b
1 1b = 453.6 g

wWhy is it important that you learn to use the laboratory balance carefully
and properly?

How does a balance differ from a bathroom scale?
What is the difference between mass and weighkt?
What is the meaning cf the prefix "kilo-"?

What are the units in which mass is measured by scientists? What are the
abbreviations for these units?

Vocabulary:

gram--a unit of mass equal to one-thousandth of a kilogram. Also
commonly used as a unit of weight.

kilogram~—a unit of mass based on the mass of a special block of
metal located near Paris. Also commonly used as a unit of
weight.

mass--a measure of the quantity of matter in an object.

weight-~a measure of the force with which gravity acts on an object.
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SECTION 3:

3-1 The Limitations of Measurement

Can errors be avoided in our measurements?

Every measurement that has zver been made is in error! We can
safely make this statement because the process of measurement is by
its very nature an inexact process. Every object has an exact mass,
-for example, but there is no way to determine that mass exactly,
whether the object be an atom, a pebble or your body. Nor can any-
oné ever state, exactly, your height, your weight or any other char-
acteristic you might have that can be described in terms of numbers
and units. 1In fact, the only exact numerical statements that can
ever be made have to do with the counting of objects. We can cor-
rectly state, for example, that you have exactly ten fingers (unless
you have some other number of fingers).

Science and mathematics textbooks typically give problems that

have exact answers. For instance, if a bus travels 25 miles in 30
minutes, what was its average speed during the trip? The speed for
this bus is exactly 50 miles per hour. Such problems are very use-
ful in helping students to understand new ideas, but the problems
are drawn from an ideal world, not the real world in which we live.
In the real world, we cannot determir.e exactly either the distance
traveled or the time it took. If we made very, very careful measure-
ments of such a trip, we might find that a bus traveled 24.97431
miles in 31 minutes and 11.65 seconds. Notice that such a "real”

. problem usually involves much more complicated arithmetic. (The av-
erage speed, thanks to our trusty calculator, turns out to be approx-
imately 48.04 miles per hour.) More importantly, the two measure-
ments just described are not, and cannot be, exact. Therefore, the
answer cannot be exact either.

People who deal with measurements in the real world, whether
they are doctors, scientists or carpenters, learn to live with error
in almost everything they do. But don't give up hope; there are
usually ways to keep measurement errors within reasonable limits.

As a student, you are probably used to thinking of error as a
bad thing--the kind of thing that gets you low grades on tests. But
error is something that is taken for granted in measurement. Although
every measurement has its error, the decisions we make that are based

on measurements may well be correct ones.

3-2 Accuracy and Precision ..

How can a measurement be highly precise and yet very inaccurate?

In evéryday language, accuracy and precision mean pretty much
the same thing. In the language of scientists, however, these two
words have quite different meanings.

When a scientist questions the accuracy of a mass measurement,
for example, he is asking how close the measured mass is to the
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actual mass of the object that was weighed. This is a difficult
guestion that can never be answered completely, since we can never
know the exact mass of any object.

The precision of a measurement, on the other hand, has to do
with its reproducibility. In Laboratory Activity 2, you were asked
to repeat the same mass measurement several times. Let's say that
the following results were obtained.

28.97 g 28.97 g 28.96 g
28.98 g 28.96 g 28.97 g
28.97 g 28.97 g 28.97 g

As you can see, all nine of the results lie between 28.96 g and
28.98 g. In this case, one might conclude that the best statement
of the result woculd be 28.97 g and that this result might be off as
much as .01 g in either direction. The second half of this statement
is a description of the precision of the measurement, or actually
how imprecise it might be.

The precision of a measurement is normally a built-in feature
of the instrument used to make the measurement. We say "normally"
because the precision may be reduced if the instrument is damaged or
not functioning properly and also if the measurer used faulty or
sloppy measurement technique.

What abcut the accuracy of a measurement? If the measurement
device is in good working condition and the measurement is made with
proper skill and care, then we can be reasonably confident that the
measurement is as accurate as we can make it. Beyond this, we can-
not go.

But it is important to realize that a measurement can be highly
precise and yet quite inaccurate under certain circumstdrices. For
example, consider the possibility of a hospital pharmacist whe is
asked to prepare an extremely potent érug for a critically ill pa-
tient. The prescription indicates that the drug should contain 0.5
gram of the active ingredient; the rest is a harmless liquid in which

The pharmacist carefully weighs out 0.50 gram of the drug,
thinking to himself that the quantity of the drug must certainly lie
between 0.49 and 0.51 gram, which is well within safe limits. He
dissolves the drug in the liguid and sends the prescription upstairs
to the patient.

Thirty minutes later the patient is dead. A subsequent autopsy
shows that the patient had received a lethal dose of the drug--—ap-
proximately one gram, instead of half that amount. The measurement
made by the pharmacist was quite precise, but its accuracy was off
by a factor of two to one. How could this happen?

Perhaps you have already guessed the answer. The pharmacist
forgot to adjust the balance to zero with the pan empty before he.
weighed out the drug. In actual practice, an error of this kind is
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very unlikely, but our example underscores the need to be concerned
about accuracy as well as precision.

We have discussed the adjustment of the balance as one proce-
dure for increasing accuracy. There are other methods that can be
used to provide an idea of the accuracy of measurements. In general,
they involve comparing one measuring instrument against another or
against a known standard. If, for example, two different balances
give a measurably different mass for the same object, one of them
is more inaccurate than the other. Unfortunately, there is no way
to tell which balance is the more inaccurate, if the object's mass
is unknown to start with.

Comparison with a known standard is much more profitable, if
one is available. For checking the accuracy of balances, sets of
weights are manufactured to highly accurate specifications. If one
has a weight that is known to have a mass somewhere between 0.999
gram and 1.00l1 grams, the accuracy of a balance designed to measure
mass to the nearest .0l gram can easily be checked.

3-3 The Measurement of Space

What units are used in science to measure a quantity of space?

In Section 2, we discussed one fundamental property of matter--
mass. A second basic property of matter is that it occupies space.
In fact, a common dictionary definition of matter is, "that which
has mass and occupies space." ‘

The word volume is commonly used to describe the size of a
quantity of space, whether it be empty space or the space taken up
by some quantity of matter. Thus we may speak of a volume of space,
the volume of a solid object or the volume of a quantity of liquid
or gas. In each case, the word refers to an amount of space, wheth-
er it is empty or occupied by matter.

As is the case with mass, scientists the world around use units
of volume that differ from those in everyday use in the U.S. Ac-
tually there are two different sets of volume units in scientific
use. We will introduce one set of units here and postpone discus-
sion of the others until Section 5.

One important unit of volume is the liter. As you will see
later, the liter is not considered to be a Fundamental unit of mea-
surement because it is based on other units. Nevertheless, it is
commonly used in biomedicine to express the volumes of liguids and
gases and less frequently to express the volumes of solids.

The volume unit you will be using most consistently in this
course is the milliliter. The prefix "milli-" comes from Latin and
means "one-thousandth.™ Thus a milliliter is a volume that is one-

thousandth of a liter.

The following table gives the abbreviations for these units and
some comparisons to some of the volume units still being used in

the U.S. o -
< 4
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UNIT ABBREVIATION EQUIVALENCES

liter 1

milliliter ml 1000 ml = 1 liter
1 liter = 1.06 liquid quarts
29.6 ml = 1 fluid ounce

3.7 ml = 1 teaspoonful

The comparisons to U.S. units are provided primarily to give
you a "feel" for the size of a liter and a milliliter. It is not
intended that you memorize these numbers, although it is useful to
remember that a liter is slightly larger than a gquart.

Also note that the printed abbreviation for the liter is easily
confused with the numeral "one." For this reason, the liter will not
be abbreviated in any of the material to follow. It is prefectly
acceptable, however, to use a lower-case handwritten "ell" (£) in
your own work.

Why isn't it possible to make exact measurements?

. How do the accuracy of a measurement and the precision of that measurement
differ from one another?

How can the accuracy of a balance be tested?

How can the precision of a balance be tested?

What circumstances can increase the imprecision of a measurement?
What is the relationship between a liter and a milliliter?

What is meant when we talk about the volume of an object?

Vocabulary:

accuracy--the extent to which a measurement agrees with the true
value of the property being measured.

liter--a unit of volume slightly larger than a liquid quart.

milliliter--a unit of volume equal to one-~thousandth of a liter.

precision--the extent to which a series of measurements of the same
propaerty agree with one another.

volume--the size of a quantity of space, or the space occupied by a
gquantity of matter.
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SECTION 4:

4-1 Density
What do we mean when we say that lead is heavier than feathers?

In the preceding two sections, we discussed two fundamental
properties of matter. Matter possesses mass and it occupies a
volume of space. Mass and volume are two different measures of the
quantity of matter being described. For the same kind of matter,
twice as much mass will occupy twice the volume of space and ten
times the mass will occupy ten times the original volume. If 60 g
of Uncle Zeke's molasses fills a 50-ml beaker, then 120 g will fill
a 100-ml beaker. In other words, mass and volume are proportional
for any particular kind of matter.

On the other hand, it is obvious even to small children that
the relation between mass (or weight) ‘and volume (or size) is dif-
ferent for different kinds of matter. In everyday language we talk
about iron being "heavier" than aluminum. What we really mean is
that a given volume of iron is heavier than the same volume of alu-
minum. Or, to put it another way, the ratio of mass (or weight) to
volume is greater for iron than it is for aluminum.

This property of a substance is called its density. Density
is the ratio of mass to volume. (It is also possible to define a
weight density as the ratio of weight to volume, but in this case
it should be kept in mind that the ratio will vary with location.)

As an example of how density is handled, let's say that we make
these measurements on a certain chunk of iron. We find that the mass
is 291 grams and the volume is 37 milliliters. We may state that
the density of the sample of iron is the ratio of 291 g to 37 ml, or
291 g per 37 ml. Recall that a ratio may also be expressed as a
fraction. Thus, we may write,

density = %%iﬁ%

Since a fraction implies division, we may divide 37 into- 291
to obtain,

i ~ g
density 7.86 oI

(Note the use of the symbol "=" to mean "approximately equal to."

It is used here because we have rounded the quotient to the nearest
hundredth.) Instead of leaving the units with g in the numerator

and ml in the denominator, the result of this division would normally

be shown in one of the following two forms.
density = 7.86 g per ml density = 7.86 g/ml

In the second case, the slash is used to stand for "per."
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The meaning of this result is that one milliliter of our sample
of iron has a mass of approximately 7.86 grams. In other words, the
density is approximately 7.86 grams per one milliliter. Density is
most commonly expressed in terms of mass per unit volume, which
means mass per one unit of volume. This makes it easy to compare
the densities of different materials such as water and lead.

The division we performed in order to obtain the mass per unit
volume was based on an important assumption. It was that our sample
of iron was the same throughout. This is a very reasonable assump-
tion for a chunk of iron, but let's consider a second example.

A small portable radio has a mass of 312 grams and a volume of
195 milliliters. What is its density?

density = f%%iﬁ% = 1.6 g per ml

This result suggests that each milliliter of radio has a mass of

1.6 grams. But the radio consists of a plastic case, inside of which
are various pieces of metal and plastic and a considerable amount of
air. Clearly the density of the radio must vary from one portion of
it to another. What we have just calculated is the average density
of the radio, which may have little relation to the density of any
particular part of it.

All densities expressed in terms of mass per unit volume are
average densities. Only when the object being measured has the same
composition throughout can we expect each part of the object to have
the same density as the average density.

Density is an important concept in biomedicine because the diag-
nosis of a variety of diseases is based, in part, upon the density
of body fluids. For example, an abnormally high density of urine
may be an indication of diabetes.

If you have ever donated blood, you may remember that first
you answered a lot of questions about your health history and that
some simple tests were made on you. Your temperature and pulse were
measured. A drop of blood was taken from your ear lobe and dropped
into a blue liquid. This was done to check your bloced density. If
the drop of blood did not settle quickly, the nurse would have as-
sumed you could be anemic and your blood would not have been taken.

4-2 Averaging Measurements

Is an average more accurate than the measurements it was obtained from?

In many situations, repeating the same measurement can lead to
a series of results that are quite noticeably different. For exam-
ple, one test of the health of a person's lungs involves measuring
the volume of air that can be exhaled in one breath. The patient is
asked to fill his lungs as fully as possible and then to blow as much
air as he can into a tube. The tube is connected to a machine that

measures the volume of air in liters.

’
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A set of four such measurements might give readings of 5.37,
5.56, 5.19 and 5.62 liters. How can We best express the result of
these measurements? .

One procedure that naturally comes to mind is to take the aver-
age or mean of the four results. As you probably recall, the mean
is obtained by finding the sum of the values and dividing by the
number of values. In this case,

5.37 + 5.56 + 5.19 + 5.62 _ 21.74

2 a =~ 5,44 liters

So we can say that the mean of the four tests was 5.44 liters.

Is the mean a more accurate value than any of the four readings
it was calculated from? Unfortunately, we have no way of knowing
the answer to this question. The use of the mean is based on the
assumption that about half of the measurements are higher than the
true value, while the other half are lower. Often this may be the
case, but we cannot know it to be the case.

Nevertheless, the mean of a set of values can be very useful
for some purposes. For example, we may need to use a measurement
to make a number of very lengthy calculations. In this case, it is
very handy to be able to use what we hope to be the best single
statement of our results, rather than repeating the calculations for
each separate measurement. '

Another point to remember about a mean is that when stated by
itself, it provides no information on the precision of the original
measurements. In our preceding example, a mean of 5.44 liters was
obtained from a set of values that ranged from 5.19 to 5.62 liters.
But note that readings of 1.06, 3.33, 7.54 and 9.18 liters would
give us the very same mean of 5.44 liters. In the first case the
range of readings is less than 0.5 liter, while in the second case
the range is more than 8 liters.

What two fundamental properties of matter are used to calculate density?
Which is divided into the other?

In what units may a density be expressed?
Why is density important in biomedicine?
How is a mean calculated?

What information does a mean give about the precision of a set of
measurements?

Vocabulary:

density--the ratio of the mass of a quantity of matter to the volume
1t occupies. Density is usually expressed in terms of mass per

unit volume--for example, g per ml.

mean--the sum of a set of values divided by the number of values.
Also called an average. o
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SECTION 5:

5-1 Length

What units of length are used in science?

At first thought, one might think that measurements of length
would_have _little_ importance_in_biomedicine. —Except. for _the measure= .
ment of body height, you might find it difficult to think of a way
in which length or distance could enter into the work of health
professionals. Yet length units crop up time and time again in al-
most every area of biomedicine. We will have more to say about this
later in this section, but first it is necessary to discuss length
in some detail.

In 1799, a system of measurement, called the metric system, was
adopted in France.- This system was based on a unit of length called
the meter, which was defined as one-ten-millionth of the distance
from the equator of the earth to either of the earth's poles.

The difficulty in obtaining a precise measurement of the dis-
tance from equator to pole led later to a new definition of the meter
as the distance betwz2en two lines marked on a metal bar kept near
Paris. Today, even this definition has been replaced by one that is
even more precise. The current definition of the meter is beyond
the limits of this course. (It has to do with a certain kind of
radiation given off by atoms of krypton.)

In the U.S. we have a variety of length units to express lengths
of different sizes, for example, inches, yards and miles. The same
is true of the length units used by scientists. But their system is
much simpler than ours, because each kind of unit is a decimal multi-
ple of the other units in the system. This makes it very easy to
convert from one kind of unit to another, since all one has to do
is move the decimal point.

Table 1 on the following page shows the complete range of length
units used by scientists everywhere.

There are two important things to notice about this collection
of length units. PFirst, all of the units except the meter consist
of a prefix followed by the word "meter." Second, each piefix has
its own abbreviation, which is attached to the abbreviation for
"meter" to form the complete abbreviation of the unit. For example,
in the abbreviation "km," the "k" stands for "kilo-" and the "m"

stands for "meter."

If we look at the righthand column of Table 2, we see that the
prefix "kilo-" stands for "1,000." You may recall that 1 kilogram =
1,000 grams, and that the abbreviation for kilogram is "kg." The
fact is that the prefixes shown in the table are used with grams and
liters and seconds in exactly the same way. We could replace "meter"
with "gram" throughout the table, and "m" with "g" in the column of
abbreviations and have a list of mass units.
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TABLE 1: LENGTH UNITS BASED ON THE METER

UNIT ABBREVIATION SAME LENGTH IN METERS

.terameter Tm 1,000,000,000,000 meters
gigameter Gm 1,000,000,000 meters
megameter Mm 1,000,000 meters
kilometer km 1,000 meters
hectometer hm 100 meters
dekameter dam 10 meters
meter m 1 meter
decimeter dm .1 meter
centimeter cm .01 meter
millimeter mm- .001 meter
micrometer um . .000 001 meter
nanometer nm .000 000 001 meter
Picometer pm .000 000 000 001 meter
femtometer fm 3 .000 000 000 000 001 meter
attometer . am .000 000 000 000 000 001 meter

If we know the meanings of the prefixes, we can understand at
a glance the meaning of any unit within the system. For example, a
milliliter (ml) is a thousandth of a liter, a centigram (cg) is a
hundredth of a gram and a microsecond (us) is a millionth of a second.

Of all of the prefixes shown in Table 1, only a few are impor-
tant to remember for this course. These are shown in Table 2 on the
next page. The abbreviation for "micro-" is the Greek letter "mu,"
and is pronounced "mew."

You may wonder why prefixes as large as "tera-" and as small as
"atto-" are included in the system at all. We will show just two
examples of their use here. The distance to the nearest star is about
40,000 terameters (Tm). On the other hand, some of the events studied
in nuclear physics take place in as short a time as a thousandth of

an attosecond(as),
</



TABLE 2: PREFIXES WORTH REMEMBERING

PREFIX ABBREVIATION MEANING

kilo- k 1,000

centi=- c .01 or one~hundredth
milli- m .001 or one-thousandth
micro- u ‘ .000 001 or one-millionth

To return to the more prosaic world, a few comparisons to U.S.
units may help to give you an idea of the size of some of the more
common metric units of length (see Table 3).

TABLE 3:
A COMPARISON OF U.S. AND METRIC UNITS OF LENGTH

1 meter = 39.37 inches
2.54 centimeters = 1 inch
1l millimeter = .04 inch

1 kilometer = .62 mile

Note that 1 inch is defined as exactly 2.54 centimeters.

In the laboratory, the precision of a length measurement is
fairly straightforward. It has to do with how well you can estimate
distances in between the division marks on a ruler. There are two
things to watch out for, though. One is the position of your eye.
The best technique is to close one eye and line up the other eye
with the point on the ruler where the reading is to be made. Getting
the eye off to one side can seriously affect precision and accuracy.

The other thing to watch out for is the condition at the end of
the ruler. If the zero mark is located some distance from the end
of the ruler, there is no problem. Otherwise, the best technique
is to measure from some other mark, such as the "one" mark. In this
case, of course, one must be subtracted from the reading obtained--

something that is quite easy to forget.
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5-2 Area
What has area to do with biomedicine?

As you no doubt know, area is a description of the extent of a
surface. Area cannot be measured directly, but it can be calculated
x: For example, the area of a
rectangle is the product of its length and its width. A rectangular
field with a length cf 40 feet and a width of 20 feet has an area of
800 square feet. The most important thing to remember about area is
that its units are square units.

When we convert from one kind of square unit to another, a
slight problem arises. Take, for example, a square having a side
with a length of 1 foot. The area of the square is 1 square foot.
But we may also express the length of a side as 12 inches. In this
case, we can obtain the area in square inches. The area is 12 inches
x 12 inches = 144 square inches. So,

1l foot = 12 inches
but, 1l square foot = 12 x 12 = 144 square inches

A similar situation exists for all square units. (We will use
"sq" as an abbreviation for "square" in all square units.)

vd = 3 ft
sq yd = 3 x 3 =9 sq ft

m = 100 cm
sqm = 100 x 100 = 10,000 sq cm

cm = 10 mm
sgqcm =10 x 10 = 100 sq mm

km = 1,000 m
sq km = 1,000,000 sq m

el ol R S )

The concept of area is of great importance in health and medi-
cine. Many examples could be given. The area inside our lungs par-
tially determines how much oxygen we obtain as we breathe. The sur-
face area of our bodies is a factor in the rate at which we lose
heat to the environment. The cross-sectional area of our blood ves-
sels is a factor in the rate at which blood flows through them.

Area is an important factor in determining our blood pressure.

We could go on and on, but we hope we have already convinced
you that for much of what is to come in this course, it is essential
that you understand what area is, how it differs from length and
volume and the nature of the units in which it is expressed.
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5-3 Volume
How are liters related to length?

We have already discussed volume in Section 3. There we intro-
duced the liter and mentioned that it is based on other units. The
"other units" are cubic length units.

We can make three measurements of a rectangular solid--length,
width and height--and determine its volume by finding the product of
the three lengths. In this case, the volume is expressed in cubic
length units. For example, a rectangular solid with a length of
4 ft, & width of 2 ft and a height of 3 ft has a volume of 4 x 2 x 3 =
24 cu ft. (We will use "cu" to stand for "cubic.")

For a cube with a side of 1 yd, the volume is 1 x 1 x 1 = 1 cu
yd. But if we express the length of the cube's side as 3 ft, we get
a volume of 3 x 3 x 3 = 27 cu ft. Thus 1 yd = 3 ft, but 1 cu yd =
3 x 3x 3= 27 cu ft. The same situation exists for all cubic units.
To find the relation between two kinds of cubic units, we must mul-
tiply the number in the length equivalence by itself three times.

lcm= 10 mm
l sgcm = 10 x 10 = 100 sg mm _
lcucm= 10 x 10 x 10 = 1,000 cu mm

l m= 100 cm
l sgm= 10,000 sg cm
l cam= 1,000,000 cu cm

Now we can finally tell you about the liter. The liter is
defined as 1,000 cu cm. Since there are 1,000 ml in a liter, this
definition makes the milliliter exactly equal to the cubic centi-
meter. 1l ml = 1 cu cm.

5-4 Specific Gravity

How can the density of an object change?

In Section 4, we discussed density as a measure of the ratio
of mass to volume. For a specific quantity of matter mass is a
permanent, unchangeable property. But volume is not. For example,
we can squeeze a marshmallow and change its volume. A squeezed
marshmallow has less volume and a greater density than an unsqueezed
one.

Another condition that affects volume is temperature. If this
were not true, thermometers wouldn't work, as we shall see in Sec-
tion 6. All substances change their volume to one extent or another
as temperature changes. Water is rather unusual in this respect.

As we cool water down, its volume decreases until we reach a tempera-
ture of about 39 °F (Farenheit). If we continue to cool it, its
volume begins to increase until it freezes at 32 °F.

.
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So at about 3% °F, water occupies a minimum volume. This is
the temperature at which its density is a maximum. The maximum
density of water is approximately 0.999973 g/cu cm (or g/ml). This

"value is so close to 1 that, except for the most precise kinds of

measurements, we can assume the maximum density of water to be 1.

The closeness of the density of water to 1 has led scientists
to define a second measure that is very similar to density. It is
called specific gravity and is merely the ratio of the density of a
substance to the maximum density of water. For example, if the
density of gold is 19.3 g/cu cm, the specific gravity of gold is the
ratio of 19.3 g/cu cm to 1 g/cu cm, which is 19.3. In other words,
the specific gravity of gold is numerically the same as the density
of gold expressed in g/cu cm. The only difference is that specific
gravity has no units.

In biomedicine, specific gravity is often used instead of density,
because instruments are available which measure specific gravity
directly. The specific gravity of body fluids such as blood and
urine is important in identifying a number of diseases.

Why are length units important in biomedicine?

Which is longer, a meter stick or a yardstick? How much longer?

Which metric prefixes are important to remember? What does each of them mean?

What factors can affect precision and accuracy in the measurement of length?

What is the difference between area and length? How does volume differ
from either of them?

What is the difference between specific gravity and density?

Vocabulary:

area--a measure of the extent of a surface.
meter--the fundamental unit of length used by all scientists.

specific gravity--the ratio of the density of a substance to the
maximum density of water.

SECTION 6:

6-1 Temperature Scales

How does one convert Fahrenheit t —perature to Celsius temperature?

In the last several sections we have discussed several proper-
ties of objects or quantities of matter. 2Among them were length,

‘s
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surface area, volume, mass and density or specific gravity. Yet
another property of matter is its temperature.

You are no doubt familiar with the Fahrenheit temperature scale.
On this scale water freezes at 32 °F (degrees Fahrenheit) and water
boils at 212 °F. But have you ever wondered why water freezes at
32 °F instead of some other number? Or why water boils at 212 °F?

The Fahrenheit temperature scale was invented in 1714 by the
German physicist Gabriel Fahrenheit. History gives us conflicting
stories on just how he arrived at the scale which was named after
him. One story says that he set the zero (0 °F) on his scale at
the lowest temperature he could obtain by mixing salt and ice to-
gether in much the same way that "home-made" ice cream is made.

Then Fahrenheit decided to create a temperature scale that had
exactly 180 divisions between the freezing point and the boiling
point of water. (Some scholars have speculated that he chose the
number 180 because this is the number of degrees in a semicircle.)

This is the explanation of 32° and 212°. Fahrenheit made a
thermometer containing the liquid mercury. He marked the zero-
point at the lowest temperature he could obtain. Then he marked a
second point for the mercury level in a mixture of water and ice.
And he marked a third point for the mercury level when his thermom-
eter was placed in boiling water. Once he had decided that there
would be 180 degrees between the freezing and boiling points of
water, the rest was just arithmetic. He could mark his thermometer
on down to zero with degrees of the same size. Then, by counting
back up the scale, he found that the freezing point of water was
32° and the boiling point was 212°.

In 1742 a different temperature scale was invented by the
Swedish astronomer Anders Celsius. He chose the freezing point of
water as 0° and the boiling point of water as 100°. It is this tem-
perature scale, now known as the Celsius scale, which is used by

scientists everywhere.

Since we live in one of the very few countries still using the
Fahrenheit scale for everyday purposes, it is important to be able
to convert temperatures from degrees Fahrenheit (°F) to degrees
Celsius (°C) and vice versa. The equation for this purpose is

°F - 32 = °C x 1.8

We can divide both sides of this equation by 1.8 to give us an
equation for converting from °F to °C.

°F = 32 _ °C x 18
1.8 16

F -~ 32 _ o
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To convert from °C to °F, we can add 32 to both sides of the
original equation.

°F - 32 + 32

(°C x 1.8) + 32

°F

(°C x 1.8) + 32

The 1.8 in these equations comes from the fact that there are
180 °F between the freezing and boiling points of water and 100 °C
between the same two points. The ratio of 180 to 100 is 1.8. The
32 in the equations comes from the fact that the Fahrenheit tempera-
ture is 32° when the Celsius temperature is 0°. .

We will give two examples to‘show how these equations work.
EXAMPLE:

Convert 20 °C to degrees Fahrenheit.

SOLUTION:
°F = (°C x 1.8) + 32
°F = (20 x 1.8) + 32
= 36 + 32
= 68 °F
EXAMPLE:

Convert 100 °F to degrees Celsius.
SOLUTION:

_ °F - 32
1.8

o. _ 100 - 32
C=="73178

68

.8

Y

37.8 °C

6-2 How Does a Thermometer Work?

why do you have_to shake down a fever thermometer?

The typical laboratory thermometer consists of a small quantity
of mercury enclosed in a glass tube. Most of the mercury is in a
bulb at the bottom of the thermometer. As the temperature rises or
falls, the mercury expands or contracts, changing its level inside
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the stem of the thermometer. By having a very narrow bore in the
stem, the movement of the level of the mercury in the stem is made
quite large, even though the total change in the volume of the
mercury is small.

In most thermometers the mercury level rises and falls in
response to changes in temperature. But the fever thermometer is
different. When a fever thermometer is removed from a patient's
mouth, the temperature of the thermometer goes down. But the
mercury level stays where it was. This is a useful property because
it means that a doctor or nurse can put a thermometer aside, if need
be, and read it later. It will still give the highest temperature
it reached inside the patient's mouth.

The reason for this rather strange behavior is a very narrow
constriction in the tube through which the mercury moves, located
just above the bulb of the thermometer. When the mercury cools -and
contracts, the thin thread of mercury separates at this narrow point.
leaving the mercury in the tube isolated from the bulb. Before the
thermometer can be used again, the mercury must be shaken back down

into the bulb.

What is the freezing point of water in the Celsius temperature scale?
What is the boiling point of water in °C?

what is ~-40 °F in degrees Celsius?
How does one convert Celsius temperatures to Fahrenhelt temperatures?

How is a fever thermometer different from other types of thermometers?

PROBLEM SET 6:

1. Convert 30 °C to degrees Fahrenheit.
2. Convert 67 °C to degfees Fahrenheit.
3. C&nvert 30 °F to degrees Celsius.

4. Convert 67 °F to degrees Celsius.

5. Average body temperature is 98.6 °F. What is average body tem-
perature in degrees Celsius?

6. Room temperature is about 23 °C. How many degrees Fahrenheit
is this?

7. what was the temperature in degrees Celsius of the ice and salt
mixture that Fahrenheit used to design his temperature scale?



REVIEW SET 7:

1. Why do you think there is a need for a biomedical curriculum?

2. What is the difference between the mass of an object and the
weight of an object?

3. In the making of measurements, what is the difference between
accuracy and precision?

4. Give the basic units used by scientists for each of the follbwing
properties.

a. mass
b. 1length
c. area

d. volume
e. temperature

5. What two measurements can be used to find the density of an
object?

6. Which of the following prefixes would make the unit larger?
Which would make the unit smaller?

a. centi-
b. kilo-
c. micro-
d. milli-
7. What is the meaning of each of the prefixes in Question 6?

B. Define specific gravity. What are the units for specific
gravity? '

9. All units of measurement are "arbitrary." What does this mean?
(Hint: look up "arbitrary" in the dictionary.)

L
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SECTION 8:

8~1 Tommy's Case Record--Age 0

John Young sat on a lumpy chair with a cup of cold coffee in
one hand and an unlighted cigarette in the other, watching the sun-
rise through a little square window. His eyes burned and his scalp
itched. His clothes were beginning to stick to him, and every time
he moved, he Started shaking. He wasn't cold. Just bone tired.
And scared.

He knew this corridor, by now, 1ike the back of his hand. He
"knew where the bathroom was, and the drinking fountain, and ‘the
snack bar. He'd tried every chair. He knew when the nurses
changed shifts, and how many there were, and which ones did what,
and who was in charge. He knew that the little old man who washed
the floors had a slight limp, whistled silently between his teeth
and gave great attention to the cleaning of doorknobs. He knew
everything there was to know about the north wing of City Hospital,
except for one little thing. He didn't know what was happening to
his wife.

His elbow slipped off the arm of the chair and the coffee
sloshed all over his hand and dripped on the carpet. Oh, well, he
didn't need any more coffee anyway. He poured the rest of it into
the base of the potted plant next to his chair and stood up. Time
to walk up and down the hall again. His knees were stiff and he
was light-headed. Things were beginning to tingle. He walked
close to the wall, just in case. It had been a while since he'd
stayed up all night. ) '

It had even started out scary. The night before--it seemed
like a week ago, now--he'd been fixing supper for Evette and him-
self when she made a funny little noise. He went in to see what
was wrong. She was very pale.

"Just a little cramp," she said.
"It's not--you're not--I mean, are they--"

"No," she said, "I don't think so. I think labor pains are
worse than that. Anyway, I'm not due for six weeks." She sat very
still, with her hands resting on top of the great bulge the baby
was making.

"Shall Y call the doctor?" said John.

Evette shook her head "no." She sat still a moment longer,
then got up and went into the bathroom. John stood there a moment,
staring at the chair, before he smelled something burning. He hur-
ried into the kitchen and turned off all the fires, then looked
into each pot to see what was burning. Everything was burning.

He was a hopeless cook.

He went back into the living room, and Evette was back in the
chair. She looked scared. o
C?U'
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"Everything all right?" he said.

Evette didn't answer for a moment, then she shook her head "no.

"There's a little blood," she said. "I don't know what it means,
but I don't think there's supposed to be any--any blood. Maybe you'd
better call the doctor.”

So John had called the doctor, and the doctor had said they
should meet him at the hospital right away.

At the hospital, the doctor had examined Evette and then said
it looked like premature separation of the placenta. John had no
idea what that meant, but the doctor explained it very clearly: the
baby's pipeline was coming loose, and they would have to get him out
of there. They would have to induce labor; the baby would be six
weeks early.

That was hours ago. John supposed they had to work her over
for a while and get everything ready before they induced labor, and
then he supposed it would be a while before the baby was born. But
it seemed to be taking an awfully long time. He walked up and down
the corridor. When he came to one of the little square windows he
would stop and look out at the lightening sky. Just as the sun
peeped up over the horizon there had been a great burst of bird
singing from somewhere. The traffic noise was beginning to pick
up as the commuters started pouring into the city. Everything
seemed to be going along normally, just as if nothing had happened.

"Mr. Young?"

It was a nurse. He turned around and looked for her. Couldn't
see her. Maybe he was hearing things. No, there she was, sticking
her head out a half-opened door.

"Would you like to see your son?"
A son! Thank heavens. He hated pink.

The nurse showed him into a little room with bright fluores-
cent lights on the ceiling and a row of fish tanks along one wall.
The nurse led him over to one of the fish tanks and pointed at it.
He was about to ask if this was her idea of a joke--he was in no
mood to admire tropical fish--when he realized that what was in
there wasn't a fish at all.

It looked horrible. Tiny and scrawny, with a head that looked
too large. It was hardly anything but a skeleton. And it was blue.
He stared at it for a moment. It must be alive, or they wouldn't
have showed it to him. But it didn't seem to be moving. Then he
looked a little closer and saw that it was breathing--not breathing
very well, but breathing. And then all at once it gave a little
kick and made an awful face. John Young stood up straight and
smiled. Alive and kicking. He had a son.

"How's Evette?” o o
' J/
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"She's fine," said the nurse. We've given her a sedative,
she'll be asleep in a few minutes. Would you like to see her?"

"0f course I would," said John. What kind of a question was
that, anyway?

The nurse showed him into another room with a lot of beds in
it. One of them had a curtain around it, and inside was Evette.
She didn't look a lot stronger than the baby just then, but he was
awfully glad to see her. He took her hand and squeezed it, and
she opened her eyes and smiled. They looked at each other for a
moment, having a very long conversation without any words. \Then

she spoke.
"Did you see him?"

John tried to say "yes," but his voice didn't seem to be work-
ing. He nodded.

"Isn't he beautiful?" she said.

"Y--Yes," said John. Actually he was ugly, but of course he
was beautiful too. "But why is he in that tank? 1Is he going to
be all right?"

Evette nodded. Her eyes were closing. She patted his hand
very gently.

"Don't worry," she said. "He's just a little early. He'll
be all right."

"Do you still want to name him after your father?"
She nodded. Her eyes were closed.

"Okay, Thomas Arwen it is. Thomas Arwen Young. My son,
Thomas Arwen Young."

Evette mumbled something John didn't quite catch. He bent
down over her and said "Hm?2"

"0ur son," she said. "Our son, Thomas Arwen Young."

John straightened up and lcoked at his wife. She was asleeg.
He put her hand down, very gently, and stepped outside the curtain.
The doctor was standing there at the foot of the bed, waiting for

him.
"Why is he in that tank?" said John.

The doctor motioned him toward the door and back out into the
waiting area in the corridor. They sat down.

"That little tank is an incubator," said the doctor. "We have
to keep him in there for a few days because he wasn't ready to come
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out. There's really nothing to worry about. For a six-weeks pre-
mature baby, he's perfectly normal."

"Wwhat does it do? The tank. I mean the incubator."”

"Well, the main thing it does is help him breathe. At his "age"
--seven and a half months, I mean--his respiratory system isn't
fully developed. His breathing equipment doesn't work too well.
So we give him an atmosphere that's about 50 per cent oxygen, in-
stead of 20 per cent, like the air. And we keep the humidity up so
the mucus in his lungs won't get sticky and clog up the air passages.

"So it's to help him breathe."

"Yes. And to keep his temperature stable. That's another
problem at his age--his regulation system isn't very good. If we
kept the air at room temperature, his body temperature would go
down. So we keep the air warm."

"How about fcod? Can he eat?"

"Probably not. That's another problem. His digestive system
isn't ready to digest yet. And besides that he probably isn't
strong enough to get anything out of a nipple. So for the first
three or four days we'll feed him by injecting £1luids right under
the skin on his back. That will keep him going until he's strong
enough to suck on a nipple, and then we'll put him on a formula."

"Well, I guess that just about covers it. One more thing,
though~-can I see him again?"

"Sure," said the doctor. He led John back into the room with
the tanks--incubators--and John Young looked at Thomas Arwen Young.
He was still blue, but more purplish now.

"why is he that funny color?" said John.

"Lack of oxygen," said the doctor. "It affects the color of
his blood. Like I said, he's having trouble breathing, and that's

why he's in the incubator."”
"How long will he have to stay in there?”

"Oh, not too long. We'll take him out to feed him and change
him, of course, and in a few days we'll start to wean him from the
incubator--cut down the oxygen percentage until it's the same as
the percentage in the outside air. Usually doesn't take more than
ten days. He'll be home in ten days to two weeks."

John took one more .close look. Thomas Arwen Young was mighty
small, not to mention purple, but the doctor didn't sound too wor-
ried. It looked like Tom would make it. No wait a minute. You

can't call a baby Tom. Tommy would make it. That was better.
Tommy Young. Not bad at all. Tommy Young, shortstop. Tom Young,
manager. Thomas Young, Ph.D. Thomas Arwen Young, President of
the United States!
5l
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"Well, doctor, take good care of the future president and his
mother. 1I'm going home to get some sleep."

8-2 The Nature of Respiration

What is respiration?

Respiration is a process that is fundamental to life. On one
level 1t 1s the process of getting gaseous substances into and out
of the body. 1In a broader sense, the word is also used to refer to
tpe_chemical changes within our bodies that supply us with life-
giving energy.

AN

For human beings, respiration begins with drawing air into the
lungs and ends with expelling a somewhat changed--and "polluted"--
air out of the lungs.

The air in the lungs is a swarm of gas particles or molecules
of several kinds. Some of these molecules dissolve in the body flu-
ids that coat the lining of the lungs and pass through the lining
into the blood stream.

The molecules that get into the blood are transported to the
rest of the body, where they combine with other substances to give
needed energy. Then some of the products of this process are trans-
ported by the blood back to the lungs, where they are expelled from
the body in the breath.

This unit on respiration will be mostly concerned with how gases
get from the atmosphere to your blood stream and back out again.
Just how the body uses the gases it takes in and generates the gases
it gives off are questions left for later units to answer.

The process of getting the right amounts of the right gases into
and out of your blood is hardly a simple one. And it is a process
that can easily go wrong at various points along the way.

8-3 The Air You Breathe In

How much oxygen does air provide?

The sea of gas that you live and breathe in is made up of a
number of different gases. But around 98 per cent of it is just
two gases--nitrogen and oxygen. And of these two only oxygen is
essential to the body.

Oxygen is essential to almost all animal life. Many animals
get it as you do, directly from the air. But many others, such as
fish, get it from taking in water that contains dissolved oxygen.

The following table shows the composition of a sample of clean,
unpolluted air on an ordinary sort of day. Values are for a tem-
perature of 20 °C and a humidity of 50 per cent--that is, for air
containing half as much water vapor as possible at that temperature.
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THE COMPOSITION OF CLEAN AIR
(TEMPERATURE 20 °C, HUMIDITY 50%)

aas (oEERSETAGE
nitrogen _ 77.2
oxygen 20.7
water vapor 1.2
carbon dioxide 0.03
other gases 0.9

Besides nitrogen, oxygen and water vapor, air contains a small
but important amount of carbon dioxide, which is wvital to plant
life, plus a variety of other gases of no biological importance.
Almost all of that componznt is argon gas.

The composition shown is in terms of the molecules (gas parti-
cles) in a sample of air. For example, in a sample of air containing
10,000 molecules you would expect about 7720 of them to be nitrogen,
2070 of them to be oxygen, 120 of them to be water vapor, a mere 3
to be carbon dioxide and 90 to be argon or any of several other
gases normally found in air.

How are the two definitions of respiration related to one another?

Why is respiration essential to life?

What are four of the different gases that make up our air? Which two of
them constitute about 98 per cent of our air? Which one is vital to almost all
animal life?

What fraction of the air is oxygen?

Vocabulary:

respiration--1l. The process of breathing. 2. The chemical changes
within us that supply us with energy.
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SECTION 9:

9-1 How Our Lungs Get Air

What makes air go in and out of our lungs?

Models are useful because they help us visualize an object and
understand how it works. Space engineers build models of rockets
to test in wind funnels and other devices. Although a model rocket
could not get to the moon, the information gained from the tests may
be used to get a real rocket to the moon.

A bell jar with a flexible diaphragm attached to the bottom,
such as shown in Figure 1, is often used as a model to demonstrate
how the lungs work. If you pull down on the rubber diaphragm at
the bottom, the two balloons expand and air flows into them through
the tube at the top. If you relax your hold on the diaphragm, it
returns to its original position, the balloons collapse, and air
flows out through the tube.

open—-top
ell jar

—balloons

| ___ rubber
diaphragm

lung

diaphragm
FIGURE 1: a simple model of breathing action.

The actual lungs are somewhat more complicated than the model,
but their behavior is similar. Figure 2, on the following page,
shows the main parts of the body involved in breathing. The lungs,
like the balloons, are elastic and need to be made to expand. They
are surrounded by a fluid (in the pleural spaces), just as in the
model, though the fluid is a liquid rather than a gas, and there is
a much, much smaller volume of it.

+The lungs may be expanded by pulling down the diaphragm, which

is a wall or partition between the czﬁgt cavity and the abdominal
bdd
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cavity. Contraction of some of the muscles attached to the diaphragm
make it move downward. The lungs then expand to fill the larger vol-
ume made available.

.HK nasal cavity

incoming air

trachea

right lung. _rleft lung

bronchi

—~ribs

pleural
spaces

FIGURE 2: Anatomy of the respiratory system.

The lungs may also be expanded by enlarging the rib cage. Con-
tracting some of the muscles connected to the ribs pulls them up and
out, making a larger chest cavity into which the lungs will also ex-
pand. Unfortunately, the bell-jar model can't be used to demonstrate
that action.

In normal relaxed breathing, both the diaphragm and the ribs

participate. During each inspiration (the usual medical term for
the inflow of air to the lungs), the muscles of the diaphragm and

o 4:3
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ribs contract. During each expiration, the muscles relax and the
normal elasticity of the lungs causes them to deflate.

As in the bell-jar model, air enters and leaves the two lungs
through separate passages. These are the bronchi (singular: bron-

chus). The bronchi join to form a common "windpipe" called the
trachea.

The air passage between the trachea and the atmosphere also
serves other functions: eating and drinking, talking and singing,
smelling and tasting.

9-2 The Air You Breathe Out

How does your body change the air you breathe?

Several significant things happen to the air that you draw into
your lungs. For one thing, it warms up to body temperature (normally
37 °C). Or if it's a very hot day, it cools down to body temperature.
For another, the air becomes humidified. The surfaces.of the lungs
are moist, and the air drawn into them reaches approximately 100 per
cent humidity (all it can hold). And naturally the air also loses
some of its oxygen. -

The lungs are usually thought of as the place where the body
Picks up oxygen. But they are just as much the place where the body
gets rid of carbon dioxide. The human body cannot survive without
the constant addition of oxygen to the bloodstream. But it also
cannot survive without ‘a constant removal of carbon dioxide from
the bloodstream. The lungs are essential for both processes.

The table below shows how air changes in the lungs. The changes
that occur depend partly on how long the air lingers in the lungs.

A COMPARISON OF INSPIRED AND EXPIRED AIR
(BASED ON CLEAN AIR AT 20 °C AND 50% HUMIDITY)

TYPICAL PERCENTAGES
GAS

Inspired Expired
nitrogen 77.2 74.5
oxygen 20.7 13.1
water vapor 1.2 6.2
carbon dioxide 0.03 5.3
other gases 0.9 0.9

Because of the water vapor entering the air while it's in the.
body, more molecules are breathed out than are breathed in. This is
the reason the nitrogen percentage is less in expired air--because
it is a percentage of a larger total.4 .

"
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Part of the air you breathe neve: gets to your lungs. Some
air gets no farther than the nasal cavity, mouth, throat, trachea,
or bronchi, and so loses no oxygen and gains no- -carbon dioxide.
What is shown in the table is the composition of expired air that
has actua]ly been in the lungs.

What are the two ways in which we can expand our lungs?

How does the diaphragm function?

What is a bronchus? The trachea?

Describe three ways in which expired air differs from inspired air.

Why do we breathe out more air than we breathe in?

Vocabulary:

bronchi (BRONK-ee)--the two tubes by which the lungs are connected
to the trachea. (Singular: bronchus.)

diaphragm (DY-uh-fram)--the muscular wall separating the chest cavity
and the abdominal cavity.

expiration (EK-spur-A-shun)--the process of breathing out or exhaling.

inspiration (IN-spur-A-shun)--the process of breathing in or inhaling.

trachea (TRAY-kee-uh)--the "windpipe," which divides at its lower end
into the bronchi.

-



SECTION 10:

10-1 Tommy's Case Record--Age 3

John Young was driving home from work. He wasn't paying much
attention to his driving. He didn't have to. He'd come this way
too many times before. He could drive the whole distance clear
across town, without not1c1ng a thing. It was automatic.

That came in handy when he had a lot on his mind. And to-
night he had a lot on his :nind.

He was up for a raise, and he needed it. He had a wife-and
a son to support, and nothing was getting cheaper. He had a mort=-
gage to pay off, payments to make, bills piling up. No question
about it, he needed a raise. The question was whether he would

get it.

But that wasn't the most important thing on his mind. The
most important thing was Tommy, his son; Tommy was sick. It's
frightening when a three-year-old child is sick, because he can't
tell you what's wrong. He just suffers; it's up to you to figure
out why.

He hadn t been sick that morning. He'd been fine. But ear-
lier in the afternoon John had had a phone call from his wife,
Evette, and she'd sounded worried. She must have been really wor-
ried. She never called him at work. She didn't want to get in

the way.

The conversation had been running through John's mind ever
since the phone call. He didn't expect to get any more out of it,
but rlght now there was nothing else he could do but run through

it again.

"Tommy's got a fever," she'd said. "A little over a hundred
and four."

"When did it start?"

"Well, I don't know. Around noon he started getting fussy
and acting like he didn't feel good. He was all hot and sweaty.
You know, his neck was wet. So I took his temperature and it was
a hundred and four. A little bit over."

"Well," said John, "if you think it's bad, maybe you'd better
call the doctor."

Evette didn't say anything right away. When she did speak her
voice sounded smaller. :

We're four months overdue on the last bill," she said.

"Hmm, " said John. Bills.




"Hmm," said John. Bills.

"Anyway," said Evette, "he'd just tell me to give him two baby
aspirin and call back later if he didn't get better."

"Yeah, I guess he would," said John. It was an easy out. He
was just as embarrassed about the bill as she was about mentioning

it. Well, why don't you just give him two baby aspirin and see
what happens?".

"Okay," said Evette,
"And call me back later if he doesn't get better.”

"Okay. You ought to be a doctor." She sounded a little more
cheerful. "Good-bye."

llBye. ”

John found himself sitting in his car, parked in his own drive-
way, staring at the keys dangling from the ignition. When he got
into the house, Evette gave him a kiss and a hug, and a smile.

"How is he?"

"Not bad," she said. "He's been coughing a little, but he
seems a lot better." She hugged him again. "I guess I'm just a
worrywart."

John went in and had a look for himself. Evette had given
Tommy some soup and put him to bed early. He certainly didn't look
healthy, but then he didn't look awfully sick either. He had a
cough, but it wasn't bad. Maybe it was just a cold.

John and Evette had dinner. John talked about his day at the
office and Evette talked about the neighbors. Nobody mentioned the
raise, or the bills. Every once in a while Tommy would cough, and
they would stop for a moment and listen. The cough seemed to be
getting worse.

They watched a comedy show. It wasn't funny. When it was
over they turned off the television and sat, listening.

Tommy was tossing around and coughing quite a bit now. John
said he sounded like a hoarse beagle, but that wasn't funny either.

They listened.

"I've never heard a cough like that," said Evette. She looked
worried. She went in to check on Tommy. "He's hot," she said. "I
“think I'd better take his temperature again."

She went to get the thermometer. John heard the medicine chest
open and close. Then he heard his wife say "Oops!'"

"Oh, Honey," she said. "I broke it."
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"Did you cut yourself?"
"NO o ”
"Well, don't get mercury on you. It's poison."

They cleaned up the remains of the thermometer. Tommy kept
coughing.

They gave him a couple more aspirin and sat down to wait for
it to take effect. This time it didn't seem to work.

Tommy was sweating a lot now. The strange, barking cough was
getting louder, and he was breathing fast. Evette was beginning
to pace. John was getting worried, too. He looked at his watch.
Ten o'clock. It was getting late, and whatever Tommy had, it
wasn't a cold. :

"I'm going to call the doctor,” he said. "You go sit with
Tommy. Maybe if you turn him on his stomach it will help." He

dialed the number. "Dr. Jones' office.” It wes the answering ser-
vice. "Doctor is not on call this evening. I'l1l have him call you
as soon as possible." John hung up. He sat down to wait.

He was jolted out of the chair by a scream from the bedroom.

“John! He can hardly breathe! He's turning blue!

John rushed into the bedroom. They bundled him up in a blan-
ket, ran out to the car and jumped in. They didn't talk. They
didn't have to. John drove with one hand on the horn.

At 10:30 he carried his nearly unconscious son into the emer-
gency room of the hospital and laid him on the examination table.
Evette ran around in circles, telling people that her son was dying.

A nurse came from somewhere. She looked like she knew what
she was doing. She put a suction tube in Tommy's mouth and drew
out some stringy-looking stuff. Then she put a mask over his face
that filled with some kind of fog. Several times she put another
mask over his mouth that forced air into him.

John saw all the machinery, but he wasn't watching it. He was
watching his son's face.

After a few minutes, the face moved. The mouth opened and out
came one of those hoarse-beagle barks. Tommy was breathing easy
again. And 30 was his father.

10-2 Tommy's Trouble

What was the matter with Tommy?

Tommy, as you may have guessed from your own childhood experi-
ences, had croup. The name "croup" comes from the sound made by the

victim when he coughs.
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Tommy's croupy cough gives a clue to the location of his prob-
lem. A closer look at the upper part of the respiratory system will
reveal just where his trouble lay.

Figure 1 on the following page shows how air passes from the
atmosphere to the trachea. It enters through the nose or the mouth

. and travels to the pharynx, a region at the back of the mouth that

serves to carry food and drink as well as air. From there it passes
into the larynx, an extension of the trachea, where our voice sounds
are produced. The larger larynx in the deeper-voiced male has
earned it the familiar name of Adam's apple.

The pharynx is connected to the larynx by a narrow opening
called the glottis, which is rimmed by the vocal cords. Above the
glottis is the epiglottis, a flap that may pull down to close the
glottis. It normally closes during swallowing, keeping food or
drink from going down "the wrong way" into the lungs. But occasional-
ly something goes wrong. No doubt you've had the unpleasant experi-
ence of food entering the larynx. The natural response is to cough,
which helps to clear the passage and let air through.

The clue to Tommy's distress lies in the fact that voice sounds
are produced in the region that includes the glottis, the vocal
cords and the larynx.

Croup is a condition that may have a number of different causes.
Whatever the cause, croup involves inflammation and swelling in the
larynx and epiglottis. 1In Tommy's case, the cause is infection by a
bacterium called Hemophilus influenzae.

Tommy's body responded to the infection in four different ways.

l. The inflammation and swelling are a result of the defense
procedures undertaken by the body to fight off infection.

2. The walls of the air passage are normally covered with
mucus. During infection, the production of mucus is increased. The
mucus serves to protect and lubricate the inflamed tissues and to
carry off infected material.

3. Coughing serves to clear the air passage of the excess
mucus and infected material.

4. Fever is a response to the infection that is thought to help
kill bacteria, which are very sensitive to changes in temperature.

As you can see, all of the responses are involved in fighting
off the infection. In Tommy's case, however, their combined effects
led to a serious problem. The swelling and the excess mucus partially
blocked the air passage. The fever increased his body's need for
oxygen. Together, these factors caused Tommy's breathing rate to
increase in order to get enough oxygen.

The increased air flow dried out the mucus until it became
thick and stringy. It became harder and harder for Tommy to clear

d:)
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the thick mucus out of his throat by coughing. Eventually the flow
of air was almost completely blocked, and Tommy began to turn blue
from lack of oxygen.

pharynx
epiglottis epiglottis
closed

glottis

vocal cords

glottis viewed from
directly above

FIGURE 1l: Anatomy of the upper respiratory system.
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What would you do if your younger brother or sister, or a child
you were taking care of, became sick with croup? Your first thought
should be to prevent the mucus from drying out. A child with a
croup cough should have a vaporizer working in his room. A hot
shower is another good source of vapor. If the child is having
difficulty breathing, immediate medical attention is necessary.

Aspirin is effective in reducing fever. However, aspirin, as
well as other medications, should be given only on the advice of a
qualified medical person.

At the hospital, three emergency procedures we e used to re-
lieve Tommy's distress. A suction tube was used to remove mucus.
One mask provided air filled with water vapor to re-moisten Tommy's
throat and prevent further drying of mucus. The second mask pro-
vided air at a somewhat higher pressure than normal to assist Tommy
in his breathing.

If these procedures had not worked quickly, it would have be-
come necessary to perform a tracheostomy. This consists of making
a hole in the wall of the trachea below the larynx and inserting a
breathing tube into the hole. By this means, the blocked region
is bypassed. Breathing can be carried on quite satisfactorily
through the tube. This procedure is often used when an object gets
stuck in the throat.

Following whatever emergency procedures are necessary, bacter-
ial croup is treated with antibiotics, which usually clear up the
condition in a few days.

Tommy's croup was caused by bacteria, but croup may also be
caused by viruses. Viral croup comes on more slowly and is not ac-
companied by a high fever. It is usually less severe than bacterial
croup, but it may last for days because there is no specific treat-
ment for it.

There is a special reason not to give aspirin for croup, except
on a physician's advice. Giving a child aspirin may mask one of the
symptoms (fever) the physician uses to distinguish between bacterial
and viral croup.

10-3 From Organs to Cells

What are some of the different levels at which the human body is studied?

, In any study of the human body and its diseases, one frequently
runs into three important terms--organs, tissues, cells. Tommy's
croup caused a swelling and inflammation in the larynx, an organ
(see Figure 1l). An organ is a part of the body that performs a
specific function. You are already familiar with many organs such
as the brain, the lungs and skin.

Organs may be studied at many different levels. In medicine

it is often illuminating to peer at a sample of a diseased organ
through a microscope tc¢ diagnose the disease. As an example,
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consider & cancerous lung (see Figure 2). To the naked eye, the
lung might appear darker than a normal Lung, the outer surface of
the lung might show pockets of air and the bronchus might be par-
tially or almost entirely blocked f{rigure 2). Little more could

be said about this lung unless a small piece is removed and studied
with a microscope. 1In Figure 3, the region circled in Figure 2 has
been enlarged approximatly fifty-fold by microscopy. The experienced
laboratory technician would recognize that this picture represents a
very severe or late stage of cancer. The sample is almost filled
with cancerous cells. In this particular case, the verdict would be
a gloomy one--it would be too late for surgery.

trachea

cancerous
cells

bronchi

o m N

av P s &

J *,ﬁ ~ - 27,
B Z

cancerous
region

FIGURE 3: cCancer cells.
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FIGURE 2: Cancerous lung.




The microscope has become a major tool in clinical medicine
and much of microscopy is centered on observations of cells. Cells
are the fundamental unit of life. They are the building block of
every part of the body. We will study many kinds of cells in this
course.

Between the cellular level and the organ level of study, there
is another one, the tissue level. Cells very rarely exist as indi-
viduals in our bodies. They are generally found attached to similar
cells. These groupings are called tissues and the cells in a tissue
cooperate in performing a function. How then does a tissue differ
from an organ? The answer is that tissues, like cells, are not
loners in the body--different kinds of tissues are grouped together
to form organs. The mixture of tissues in an organ allows the organ

to perform more complex tasks than the separate parts. . - - ... ... ...

We'll have much more to say about organs, tissues and cells in
the Biomedical Science course. Perhaps the essential point to remem-
ber is that the medical scientist who investigates diseases is like
a detective. The clues to the causce of a disease may be found at
the organ or tissue or cell level or even at levels smaller than the
cell. Another point to keep in mind is the relation of the organ
or tissue to the individual. Organs are grouped together into
organ systems. For example, the larynx and the lungs are part of
the respiratory system. The brain and the nerves are part of the
central nervous system. In the Biomedical Science course, we will
typically study a new organ system in each unit. When we finish
the study of all of these systems, we should have a good idea of the
way a human organism works.

Can you place the following in correct order in terms of the flow of air
from the outside in the direction of the lungs? Larynx, pharynx, bronchus,
glottis, trachea, epiglottis.

What is the function of the epiglottis? The larynx?

why does the sound of the cough in croup help to identify the site of
the trouble?

Can you describe the events which can lead to breathing difficulty in a
case of croup? y

How can aspirin make it difficult to identify the cause of a case of croup?

Vocabulary:

croup (KROOP)--a condition characterized by a hoarse, barking cough,
inflammation and swelling in the region of the larynx and epi-
glottis and increased production of mucus.

epiglottis (EP-uh~GLAH-tiss)--a flap that closes the glottis during
swallowing. :

glottis (GLAH-tiss)--a narrow'opening near the top of the larynx.



larynx (LAIR-inks)--the portion of the air passage between the
pharynx and the trachea, where voice sounds originate.

mucus (MEW-kus)--a slimy substance that serves to protect and lubri-
cate the air passages and many other parts of the body.

pharynx (FAIR-inks)--the region at the back of the mouth, which car-
ries food and drink as well as air.




SECTION 11:

11-1 Bacterial Respiratory Diseases

what respiratory problems are caused by bacteria?

Tommy's croup was cuased by bacteria that have the scientific
name of Hemophilus influenzae. Had he been invaded by bacteria
called Hemophilus pertussis instead, he would also have suffered
from a cough. But it would have been a "whooping" cough rather than
a "croupy" cough. Whooping cough or pertussis is now seldom seen
because of the common childhood DPT shots (combination shots for
diptheria, pertussis, and tetanus).

These two Hemophilus bacteria are a good example of how sci=-
entists name organisms. The first part of the names (Hemophilus)
indicates that both organisms belong to the same genus. That means
they have quite a lot in common. Horses, asses, and zebras, for
example, belong to one genus. So do lions, tigers, and leopards.

The second part of the scientific name of these two bacteria
shows that despite their similarity, they are really different spe-
cies. Like the lion and the leopard, or the zebra and the ass, they
have definable differences. '

The second part of the name of the croup bacterium illustrates
an interesting feature of scientific names. Scientific names are
rarely changed simply because they're inappropriate. The scientist
who discovered and named that bacterium thought it was the cause of
influenza. It isn't, but the name survives.

Several other bacteria may affect the upper respiratory system.
Corynebacterium diphtheriae causes diphtheria, a disease in which
an obstructing membrane is formed on the tonsils. The DPT sho;s
already mentioned have largely eliminated it from common experience.

Also affecting the upper  respiratory tract are various bacterﬁa
of the genus Streptococcus. These cause the painful "strep throat
that you may have experienced.

The lungs themselves may be affected by bacteria that go by the

names of Diplococcus pneumoniae and Mycobacterium tuberculosis. As
the scientific names suggest, the first of these causes pneumonia,
the second TB.

Such bacterial infections, though still the cause of discomfort
and occasionally death, are not the problem in this country they once
were. Antibiotics such as penicillin cure most of them. And many

can be avoided by getting the appropriate shots.

11-2 viral Respiratory Diseases

What respiratory problems are caused by viruses?

Croup can be caused by a virus as well as by a bacterium. But
though the cough sounds much the same, the disease 1is significantly
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different. Viral croup comes on more slowly, is less severe, causes
little fever. Also, it can't be treated with antibiotics. Despite
the common coughing symptom, it is obviously a different disease.

Actually, the difference between a bacterium and a virus is
more striking than the difference in the diseases they may cause.
Bacteria are one-cell organisms with a typical size of about 0.001 mm
While a bacterium is microscopic, a virus is submicroscopic. This
means that viruses are invisible in even high-power light microscopes
Viruses require electron microscopes for viewing.

A more dramatic difference is their way of life. While some
bacteria rely on a host for food to support life, a virus relies on
its host for life itself. Until a virus enters a living cell, it
is a quite lifeless assemblage of substances. But once inside a
cell it may, in effect, come to life. The virus puts the cell's
resources to work helping it to function, including reproducing more
virus particles just like it.

We will return to bacteria and viruses later in the course,
where they will be discussed in much more detail. But our main in-
terest here ig in the respiratory diseases they cause.

Just as viruses may cause a mild form of croup, they may cause
a mild form of pneumonia as well. They may also cause respiratory
dise~ses that have no bacterial counterparts: notably, the common
cold and influ=nza.

Between them, viral respiratory diseases account for 60 to 80
per cent of school absences, as well as 30 to 50 per cent of work
absences.

Probably the most serious viral respiratory disease, since it
often reaches epidemic proportions with resulting deaths, is
influenza. Often called "grippe" in other countries and "flu" in
this one, it has been responsible for many worldwide epidemics—-

pandemics, as they are called.
11-3 Influenza

How do pandemics come about?

Influenza is primarily an infection of the respiratory system
in the region of the trachea and bronchi. However, because of the
weakening of the body's defenses, the primary infection may be fol-
lowed by bacterial infection of the sinuses, ears, bronchi and lungs.

The most frequent initial symptoms are headache and muscular
aches. The abrupt onset of fever and chills usually follows. Vomit-
ing and diarrhea are rare, and there is no evidence that influenza
viruses infect the digestive system. Influenza patients almost al-
ways have a cough and often a sore throat. Complete recovery takes
from ten to fourteen days if no complications occur.



Antibiotics or other drugs have not been successful in treatlng
influenza. Any chemical that inhibits the growth of the virus is
also llkely to damage the body's cells. The best treatment is taklng
aspirin for the pain and fever, drinking plenty of liquids and
resting.

Influenza viruses pass directly from the respiratory system of
one person to the respiratory system of another. It has been found
that the crowding of people together is a major factor in flu
epidemics.

Before 1889 influenza was uncommon in Europe, but in that year
the first worldwide epidemic occurred. Since then such pandemics
have become frequent. The pandemic of 1918 caused an estimated 20
to 40 million deaths, mostly from pneumonia that accompanied the

influenza. Since then epidemics of influenza have been thoroughly
studied.

You may have observed that every few years the country is
threateded with a new kind of influenza. Asian flu, Hong Kong flu
and London flu are recent examples. The specific name given to the
influenza changes because the virus cau51ng the disease changes
with time.

A "disease of change" presents special problems to public health
personnel. They must identify the new.virus, determine when and
where it occurs, how it is spread and who is susceptible. They must
determine what vaccines must be developed and what other measures
must be taken to prevent or limit epidemics.

Public health workers are constantly surveying the occurrence
and spread of influenza not only in the United States but throughout
the world. From the data, predictions are made concerning the type
of influenza and the number of people that will be affected. Typical
data are shown in the graphs on the next page, which were compiled in

December 1970.

The graphs are labeled pneumonia-influenza deaths, since the
deaths were a result of pneumonia that developed in the lungs of
influenza sufferers. Presumably the secondary infection would not
have occurred or would not have had such consequences without the
primary influenza infection.

Notice the two wavy lines on each graph. The lower solid line
gives the expected number of deaths for each week during the year if
no epidemic occurs. The upper, dashed line is called the epidemic
threshold, because if the number of deaths rises above this line it
is likely to mean the start of an epidemic. The two wavy lines repre-
sent predictions based on information collected in previous years.

The jagged line on each graph shows the actual number of deaths
reported each week. The first graph shows the number of deaths re-
ported from September of 1968 through November of 1970. Note that
the epidemic threshold was first exceeded in December of 1968. 1In
the following weeks a major epidemic occurred. This was the first
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outbreak of Hong Kong flu in this'country. In July of 1969 the
dashed line was again exceeded. This time, however, no epidemic
followed. A second, less severe epidemic occurred between January
and March of 1970. Look at the end of the jagged line at the end of
November 1970. Is a new epidemic about to begin? Reports for the
next week or two should give the answer.

. We can take a closer look at the situation by examining the
graphs for different sections of the country. The graph for New
England, in particular, looks suspicious. Has a new influenza virus
entered the country at some New England port or airfield? Again,
only data for the next week or two will tell. TIf such is the case,
we might expect the number of deaths to rise rapidly--first in New
England and within a few weeks in other areas as the disease spreads
across the country.

What good are all these statistics? How do they help prevent
the spread of influenza? Public health surveys are necessary to
determine what specific kind of virus is likely to be spreading and
where. If a new type of virus is suspected, immediate steps must be
taken to isolate the virus and to prepare a vaccine to combat it.

A "flu shot" is an inoculation with a vaccine containing influ-
enza viruses. The vaccine has been produced in a chick embryo and
made inactive either by chemicals or ultraviolet radiation. Because
a "shot" protects a person for only about one year, protection of all
the populaticn is not feasible. However, the vaccine is specifically
recommended for three groups: people whose services are essential to
the community, such as physicians and nurses; people whose health is
such that a battle with influenza could be fatal; and groups of people
who live in close contact and are particularly susceptible to epidem-
ics. Examples of the latter are those living in boarding schools and
other institutions, and military camps.

Name four respiratory diseases caused by bacteria. Name four that are

cause by viruses.
Give two differences between bacteria and viruses.
How is influenza transmitted? Why is it called a "disease of change?”
What are the symptoms of influenza?
How is influenza related to pneumonia deaths?

Vocabulary:

epidemic--a widespread outbreak of a disease in a community or
larger area.

v

influenza--a viral respiratory disease characterized by headache and
muscular aches, coughing and fever.
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REVIEW SET 12:

1. What kinds of problems does a premature infant have in his fight
for survival? How are these problems treated?

2. What are the differences between viral and bacterial croup in
cause, symptoms and treatment?

3. Trace a breath of air as it is inspired. Name all the structures
in proper sequence that it will pass after entering the nose.

4. Compare and contrast inspiration and expiration. 1Include changes
in the volume of the chest cavity and lungs, changes in muscle move-
ment and changes in the air being breathed in or out.

5. We can study the functional parts of our bodies on at least
three different levels. Name the different levels and tell how each

is related to {he others.
6. What is air?
7. Describe the job of public health woikers in watching the occur-

rence and spread of a contagious disease. In what ways is the job
thev perform important to yon and your family and friends?
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SECTION 13:

13-1 Tommy's Case Record--Age 14

"Runners take your mark!" commanded the starter.

Tommy's heart pounded with excitement as he waited for the gqun
that would start the race. The quarter-mile sprinters from Kennedy
Junior High were the best in the league. It was not going to be
easy to finish in the first three. Tommy pressed his toe a little
harder against the starting block. A fast start could make the
difference. .

"Runners get set!"

It was the next to the last meet of the season, and Tommy needed
three more points to earn his first varsity letter. A second-place
finish would do it; but in this race, even finishing third would take
his best effort of the season. He promised himself that no matter
what happened, he would push himself as hard as he could.

The starting gun cracked.

Before Tommy realized the gun had sounded he was ten yards down
the track. He had his good start.

The sprinters moved swiftly around the first turn in the oval
track. Tommy tried to pace himself, but the two lead runners from
Kennedy were setting a very fast pace. He couldn't afford to let
up and lose ground.

Around the back stretch Tommy still remained three strides be-
hind the two lead runners. They weren't letting up either.

By the time they reached the last turn Tommy had closed the gap
to one stride. A strong dash at the finish might do it. His heart
was pounding, and his breath was coming short and fast.

They flew around the last turn and into the stretch for the tape.
Now it was all or nothing. Tommy broke his pace and started his dash
to overtake the leaders. His heart beat violently, and every time he
took a breath it felt as if his chest would explode.

He was now in second place, but there were still twenty yards to
the finish line. Every time he gasped for breath the pain in his
chest was more intense. Ten more yards to go. He couldn't quit now.

Tommy reached the finish line a stride ahead of the next runner,
but two strides behind the winner. He was disappointed, but mostly
he was worried about the tightness in his chest and the way he was
casping for breath. He had never had these problems before--but then
.ie had pushed himself harder today than he'd ever done before.

Several moments went by before he realized his teammates were slap-
ping him on the back and congratulating him for his second-place finish.
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13-2 Pressure
What is the difference between force and pressure?

Tommy's problem, simply stated, was pressure. It began with the
"pressure" of the race. But the real problem was a pressure that
developed inside his body and gave him the intense chest pains.

To understand Tommy's problem, you need to understand just what
pressure is and does. You probably know something about pressure al-
ready. It's what you measure when you inflate the tires on a car or
bicycle. Knowing just that is actually quite useful to an understand-
ing of pressure. .

When air molecules strike the inside of a tire, they exert force
on the tire. They also exert pressure on the tire. Water exerts
force on a diver. It also exerts pressure on the diver.

Force and pressure are related concepts, ‘but they are not the
same thing. Pressure is defined as the ratio of the force exerted to
the area over which the force is distributed. In mathematical
language,

P =

g e

An example will illustrate the difference between force and
pressure. Support a heavy book on your fingertips. The force exerted
by the book on your fingertips is equal to its weight. The pressure
is this force divided by the area of your fingertips. Now hold the
book on the palm of your hand. The force exerted by the book on your
hand is equal to the weight of the book. The area over which the
force is distributed is the area of your palm. The pressure exerted
by the book is therefore its weight divided by the area of your palm.

In the one case:

weight of book
area of fingertips

pressure on fingertips =

In the other case:

weight of book
area of palm

pressure on palm =

The weight of the book is of course the same in each case.
However, the pressure on your fingertips is greater than the pressure
on your palm, because the area of your fingertips is less than the
area of your palm. Can you feel the difference?

Consider now a situation in which the area remaims constant but
the force changes. Support one book on your fingertips; then support
two books on your fingertips. The pressure on yocur fingertips is
greater when supporting two books:

(:

-
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When supporting one book:

weight of one book
area of fingertips

pressure =

When supporting two books:

. - Weight of two books
pressure area of fingertips

Just as a length or an area or a volume must be expressed in
some units, pressure also must be expressed in units. The units of
pressure come from the equation :

Although the kilogram is properly a unit of mass, it is often
used informally as a unit of weight or force. Area is given in
units such as square centimeters. Force divided by area is there-
fore in the units kilograms per square centimeter. Since the units
on the right side of an equation must agree with the units on the
left side, one set of units in which pressure can be expressed is

kg/sq cm.
EXAMPLE:

A 2-kg block of ice is supported by a pedestal with a cross-
sectional area of 8 sq cm. What is the pressure on the pedestal?

SOLUTION:
= F
P = A
p=—2%kg
8 sq cm

=1 _kg .
= 7 39 cm‘or .25 kg/sq cm

A unit of pressure with which you may be more familiar is the
British unit of pounds per square inch, or 1b/sq in. Another example

will illustrate the use of this unit.
EXAMPLE .
An individual weighs 200 1lb. The combined area of the palms

of both his hands is 25 sq in. What is the pressure that his hands
exert on the floor when he is doing a handstand?

6.5

ERIC s




SOLUTION:

_ F
P=x
p = 200 1b
25 sq in
P = 8 1lb/sq in

EXAMPLE:

200 1b is approximately 91 kg, and 25 sq in is about 161 sg cm.
Repeat the preceding example, expressing the pressure in units of
kg/sq cm.

SOLUTION:

lav]
n
i

b~ _ 91 kg
~ 161 sg cm

P

[}

.565 kg/sq cm

These last two examples show the importance of including units
in the answer. An answer of "8" or ".565" would be meaningless.

Figure 2 shows two cylinders of the same material sitting on a
flat surface. One is twice as heavy as the other. It exerts twice
as much force on the surface. But the pressure it exerts is the same.
The force is twice as much, but so is the area. Therefore, the force
per unit area--that is, the force divided by the area--is unchanged.

1l sq cm 2 sq cm

t R

: i
)

N

- .

FIGURE 2: Objects that give the same pressure.

Gg
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The cylinder on the left exerts a pressure of Ilgg—ga = 100 g/sq cm,

and the pressure on the right is fggg—%ﬁ = 100 g/sq cm.

All of our examples have ignored the fact that the air around us
already has a pressure. For the moment, that fact may safely be ig-
nored. Atmospheric air can be thought to have a pressure of zero.

Or to put it another way, all pressures discussed here are measured

relative to the atmospheric pressure. Just as the mean elevation of
the sea is often taken as zero in measuring elevations, so the pres-
sure of the atmosphere is often taken as zero in measuring pressures.

13-3 Pressure in a Fluid

How is the pressure determined at the bottom of a fluid?

Before we return to Tommy's problem during his race, it is
necessary to discuss the pressure of fluids and also how pressure is
measured.

Pressure exists inside a substance as well as on its surface.
A square centimeter inside an object may push on an adjacent square
centimeter of the same object, just as a square centimeter on the
surface may push on some other object.

The internal pressure may be determined as in the following
example. Figure 3 shows the vertical forces acting on a cylinder of
a substance. The substance might be solid, liquid, or gas. The ob-
ject rests upon something that provides an upward supporting force F.
If it is a liquid or a gas, it also must be supported on the sides by
a container or by more of the substance so it doesn't flow sideways.
If a gas, it also needs to be confined at the top so it won't flow
upward. In this example, the pressure on the top of the cylinder
is taken to be zero.

W = weight of cylinder

h = height

F = force acting on
bottom surface

FIGURE 3: The vertical forces on a cylinder.
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We can find the volume of the cylinder by multiplying its height,
h, by the area of its base, A.

V = Ah
The density, D, of the cylinder can be expressed as jits weight,
W, divided by its volume, V. (Notice that this is a weight density,

instead of a mass density.)

D =

<=

Multiplying both sides by V, we have

ey

VD =32

or VD-= W

Since V = Ah, we can substitute Ah for V.
AhD = W

The pressure, p, at the bottom of the cylinder is

P

p =

The force, F, must just balance the weight, W. Therefore
F =W and

But we found earlier that

Making one last substitution,

AhD
A

p = hD

So the pressure may be found merely by multiplying the height
by the density. The pressure doesn't depend on the area, A, of the
cylinder. ' -

If the substance is a fluid--either liquid or gas--the same pres-
sure acts in any direction. The horizontal pressure at the bottom of
the cylinder, for example, is also hD.

An example will show how these ideas can be used. 1In Figure 4,
on the next page, a flask of water is connected to a tube containing
mercury. What depth of mercury is needed to keep the water from
flowing out of the flask and into the tube?

()\l
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The pressure at a depth of hy, in the water is p = h,D, = 20 x 1

Ewater: mercury :

Dw = 1 g per cu cm Dm = 13.6 g per cu cm

FIGURE 4: A balance of pressures.

20 g per sg cm.

The pressure at a depth of h_ in the mercury is p = h Dy =

hy x 13.6.
one way or

These two pressures must be the same or liquid will flow
the other:

hy, x 13.6 = 20

or
_ 20
h, = 13.€ ° 1.47 cm
It is important to notice that the shape and size of the con-
tainers for both the water and the mercury don't matter. 1In a sta-

tionary liquid, the only thing that affects pressure is the density
and the depth--plus the pressure at the surface.

13-4 Measuring Pressure

How are pressures measured in biomedicine?

The relation of pressure to height in a liquid makes it easy

to develop

a pressure-measuring device. A U-tube partly filled with

a liquid of known density is all that is needed. The height dif-

ference, h,

in the U-tube of Figure 5 on the next page tells what

the pressure, p, is provided that the density, D, of the fluid is

known.

If the pressure at level A in the right leg of the U-tube of
Figure 5 is taken as zero, the pressure at level B is

p = hD

But that same pressure exists at level B in the left leg of the U-

tube. And
measured.:

60

the pressure there is the gas pressure that is being
Therefore, that simple relationship gives the gas pressure.
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open to atmosphere
r:‘((taken as zero presgsure)

~

level A

{pressure
assumed
uniform)

NN
S

level B

(density D)

FIGURE 5: Measuring pressure with a U-tube.

As an example, if the height difference is 5 cm and the liquid
in the U-tube is mercury with a density of 13.6 g per cu cm, the gas
pressure is

P =5 x 13.6 = 68.0 g per sq cm

Although pressure may be expressed in this way as grams of force
per square centimeter of area, it is more common in medical practice
to express it directly in terms of the height difference of mercury
in a U-tube, The pressure in the example might be expressed as "5 cm
of Hg," (Hg being the chemical symbol for mercury) .

More commonly, though, the pressure in the example would be ex-
pressed in millimeter units as "50 mm of Hg." This pressure unit, a
millimeter of mercury, is so commonly used that it has been given a
name: the torr (after a man named Torricelli). It is the unit in
which blood pressure, along with many other pressures, is expressed.

The general term for a pressure-measuring instrument is
manometer. If used to measure blood pressure, such a device is
called a sphygmomanometer.

Explain the difference between force and pressure.
How is the pressure affected by an increase in the force contributing to 1it?

How is the pressure affected by an increase in the area over which it is
- distributed? '

How is the pressure found at the bottom of a liquid of known density?
How is a U-tube manometer used to measure pressure?
Explain the meaning of a pressure of 100 torrs.

Vocabulary:

manometer (muh~NAHM-uh-ter)--a device used to measure pressure.

pressure--the ratio of the force exerted to the area over which it
is distributed.



sphygmomanometer (SFIG-mo-muh~NAHM-uh-ter)=--a device used to measure
blood pressure. :

torr (TORE)--a pressure unit equivalent to the pressure exerted by a
column of mercury one millimeter in height.
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SECTION 14:

14-1 Where Air and Blood Meet

What caused Tommy's chest pain?

The pain that Tommy felt during the race came from a pressure
inside his chest. But it wasn't, as one might guess, the pressure
of the air being moved so forcefully in and out of his lungs. To
discover just what it was requires a closer look at what goes on in
that part of the body.

As you may recall, air enters each lung through a tube called
a bronchus. But that's only the start. Each bronchus divides into
many small tubes ceé .ed bronchioles. The many branches of the bron-
chioles finally end in clusters of air sacs (see Figure 1 on the next

page).

The air sacs are not really the end, though. From the walls of
the air sacs protrude tiny chambers called alveoli (singular: alve-
olus). It is through the alveoli that oxygen leaves the lungs and
carbon dioxide enters. A pair of human lungs contains on the order
of 300 million alveoli.

But there's more subdividing going on inside the chest than in
the air passages. A similar amount of subdividing occurs in passages
carrying blood to the lungs.

The blood system of the lungs is called the pulmonary circulation.
As much as one-fourth of the blood supply of the body may be found
in pulmonary vessels.

Blood is supplied to the lungs through the pulmonary artery.
The lower right side of the heart, which is called the right ventri-
cle, pumps blood into the pulmonary artery. The pulmonary artery
divides into two branches, one of which goes to each lung. These
arteries in turn branch into smaller arteries, which lead to nets of
small capillaries which surround each alveolus. It is here that oxy-
gen er ! s the bloodstream and carbon dioxide leaves it. The pul-
monar: ~—~ipillaries are so numerous that the combined length <% those
in on¢ “,uman body is hundreds cf kilometers.

The blood which ha$ received oxygen returns to the heart by
passing from the capillaries to small veins. The small veins con-
verge to larger veins, which eventually join to form the pulmonary
vein. The pulmonary vein returns the oxygenated blood to the heart.

The pulmonary vessels are easily stretched, up to a certain
point. The average adult heart pumps about four to five liters of
blood per minute. If the heart output increases, the pressure in
the pulmonary bliood vessels rises. But the vessels then stretch,
providing a larger flow passage. Because the vesscls stretch easily,
arterial pressure increases only slightly.

When somnthing is stretched, we say that “+ is distended. When
the heart output is about 16 liters per minu’ , 2r four times normal,
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the pulmonary vessels are fully distended. Since they cannot stretch
further, if the heart output increases much beyond that, arterial
pressure increases greatly.

The increase in pressure is shown in Figure 2. The graph gives
pulmonary arterial pressure as a function of the volume of blood put
out by the heart.

30~
[% i
=S
5T 20
s E
Q\.-
= 8
g t?) R. Normal value
Swv 10—
S8
ju RN
A,
0 T T T T T T
(0] 4 8 12 16 20 24

HEART OUTPUT (liters/min)
FIGURE 2: Pulmonary blood pressure.

The scale used for pressure on the graph represents millimeters
of mercury above atmospheric pressure. The graph is relatively flat
in the domain between 4 and 16 liters of blood per minute. In the
domain beyond 20 liters per minute, pressure increases rapidly as
heart output increases. This is reflected in the slope of the graph,
which becomes increasingly great.

Like the pulmonary vessels, your skin stretches easily up to a
certain point. Beyond that point the skin offers greater resistance,
and further stretching is painful. When the pulmonarv arteries are
fully distended, increased blood flow causes increased pressure and
pain for the same reason.

This explains the rpain felt by Tommy in his chest. Tommy's
heart was beating rapidly during the race. As he approached the
finish line and needed an extra effort to win, his heart output ex-
ceeded the amount his pulmonary vessels could comfortably accommodate.
The pain was caused by the increasing pressure within these vessels.

If Tommy had ignored the pain and pushed himself even further
he would have been in danger of suffering a very seriocus distress
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called pulmonary edema. Pulmonary edema occurs when the blood pres-
sure is so high that the fiuid pcrtion of tne blood begins to be
forced out cof the capillaries and into the alveoli. Fluid accumulat-
ing in the air sacs of the lungs cuts down the surface area through
which oxygen or carbon dicoxide can pass and has serious consequences
if widespread.

14-2 Aerobic Capacity

How 1s our use of oxygen related to physical fitness?

How vigorously your heart must pump when you do a particular
job is generally considered an indication of your physical fitness.
The fact that Tommy's heart had to work very hard, giving excessive
pulmonary pressure, suggests that he may not have been in the best
of shape. ‘

Medical scientists have generally agreed that a good measure of
physical fitness is the maximum rate at which a subjact can use oxy-
gen. If the subject engages in as strenuous an activity as he is
capable of, the amount of oxygen taken in through his lungs and util-
ized in supporting his muscular exertions shows how well his body
has been tuned to such a task. The body of a well-conditioned
athlete is capable of using oxygen much more rapidly than the body
of an ordinary person.

The maximum rate at which a person can use oxygen is called his
aerobic capacity. - It-is usually measured in liters per minute and
may vary from less than two to over six.

In comparing individuals, the best guide to fitness is the
aerobic capacity per unit of body weight. A person weighing fifty
kilograms will have an aerobic capacity half that of an equaily fit
person weighing one hundred kilograms.

Medical scientists have discovered that a good measure of
aerobic capacity can be obtained without demanding an all-out effort
from the subject. The pulse rate attdined during less than maximal
exertion is rather closely related to aerobic capacity. For example,
an athlete with a large aerobic capacity can jog along with a slow-
beating heart supplying plenty of oxygen to his muscles, while the
heart of his untrained friend jogging beside him pounds hart imn its
effort to keep the oxygen coming.

Several tests have been developed that use treadmills or bicy-
cles or other exercisers to provide a standard amount of exertion.
The general idea is to exercise the subject at a particular "work
rate" and discover what happens to his pulse.

One version makes use of a "step test." The subject steps up
onto a stool and then back down to the floor at a specified rate.
After a specified time--about five minutes—--the subject's pulse rate
is measured. From the work rate and the pulse rate, the subject's
aerobic capacity can be estimated rather accurately.
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The work rate in a step test depends on several factors. First
it depends on how heavy you are. 1It. is twice as much work for a
100~kg person to raise his weight to the elevation of the step as
for a 50-kg person. Then it depends on how high the step is. 1It's
twice as much work to step up a height of 40 ¢m as to step up 20 cm.
Finally it depends on how often you repeat the process. It is twice
as hard to step up 20 times a minute as 10 times a minute.

From this it would appear that the product of the subject's
weight, the step height, and the steps per unit time would give a
measure of the work rate of the subject. 1In fact, that product
would give exactly the work rate (or power) involved in raising the
subject's weight that high that often.

The relationship between work rate and pulse rate depends some-
what on sex. An adult male and an adult female with the same fitness
(the same aerobic capacity per kilogram) doing the same amount of
work in the same time will usually not exhibit the same pulse rate.
In comparable situations, the pulse rate of the female is greater.

How do the bronchi, bronchioles and élveoli differ from one another?

What two anatomical structures are involved in the transfer of gases between
the lungs and the bloodstream?

Explain the reason for Tommy's distress at the end of his race.
What might have happenad to Tommy if he had pushed himself even harder? Why?

Why must body weight be taken into cconsideration when a person's physical
fitness is determined from a step test?

.

Vocabulary:

aerobic capacity (air-OBE-ik)--the maximum rate at which a person
can use oxygen.

alveoli (al-VE-uh~ly)--the smallest chambers of the lung, through
which gases enter and leave the bloodstream. Singular:

alveolus (al-VE-uh-lus).

bronchicle (BRONG-key-ole)--one of the small tubes intc which the

bronchi divide.

capillary (KAP-ih-LAIR-e)--the smallest of the blood vessels. In
the lungs, the site at which gases are exchanged between the
bloodstream and the lungs.

pulmonary {(PULL-muh-NAIR-e)--pertaining to the lungs.

pulmonary circulation--the blood system of the lungs.

pulmonary edema (uh-DEE-muh)--a condition in which fluids from the
blood are forced out of the capillaries and into the alveoli
as a result of excessive blood pressure.
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SECTION 15:

15-1 Tom's Case Record--Age 16

Tom stretched out his legs on the back seat and stared out the
rear window at the receding scenery. The road wasn't getting any
steeper, but the car seemed to be slowing down. ‘

“Step on it," he said. "I don't want to sleep in this heap
tonight."
"Don't distract the driver," said John from the front seat. "If

he piles it into a tree we'll all have to sleep on the pavement."

"Okay, okay," said Tom. He didn't want to think about piling
it into a tree.

"Got to take it slow," said Tim, the driver. "You saw the Lincoln
we just passed with the hood up, didn't you? That guy standing there
scratching his head? That's known as vapor lock. Happens when you
overheat the engiire at high altitudes."

"Give us a lecture about it," said Tom. John laughed, and Tim
shut up about vapor lock. Tom leaned back again to watch the scenery.

The three of them were on their way to climb a mountain. Mt.
Whitney. The top of it is higher than anything else in the U.S.
outside of Alaska. From what Tom had heard the trail was rocky but
not difficult, and the view from the top was worth everythlng you had
to go through to get to it.

None of the three had spent much time on high mountains, but
they all liked the outdoors. Tim had just finished his junior year
of high school, and he'd said all he really wanted to do was get as
far away from the place as he possibly could. The top of a mountain
seemed like a good place to go. John, the oldest of the three, had
just graduated. He was an athlete. A real one. He'd received a
football scholarship to the University. He wanted to keep in shape.

Tom still had two years of high school to go. He was taking two
weeks off and then planned to look for a summer job. The first three
days of it were gone-—-counting the weekend--and he was anxious to get
out of the car and hit the trail. But Tim's car wasn't at all in a
hurry. These last two miles of the road were over a mile and a half
high, and the old beast was really getting sluggish.

Finally they made it to road's end at Whitney Portal, over
8,000 feet above sea level. They piled out of the car and unloaded
their packs and locked it up. The high, clear air was exhilarating,
and it had been a long ride. 1In a few minutes they had shouldered
their packs and were on their way up the first steep stretch of the
“trail. Just before they got out of sight of the car, Tim stopped

and looked back at it.
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"Don't tell me," said Tom. "You forgot your girlfriend's pic-
t ! J
ure."

"Nah. I was just thinking. I wish somebody would steal the
0ld wreck so I could collect on it. I should have left it unlocked."

The first overnight camping spot was about four miles--and four
hours--from the trailhead, but nobody was bothered. The trail was
no sweat. There were a lot of people on the trail. After that first
steep half-mile their route joined the stock trail, and soon they
passed two large groups, each with several burros. When they were
out of earshot of the second group Tom looked back over his .shoulder
at the pack train and laughed.

"What have they got in there?" he said. "Lawn furniture?"”

"Booze," said Tim. "They're climbing the mountain to get high.’

"They're just American tourists," said John. "They think they're
getting away from it all, but they ain't. They're taking it with
them."

The three turned back up the trail and started off again. It
seemed to Tom that they weren't moving quite as fast. As they
ground out the miles they had to slow down even more. There were
some steep places in the trail, and their packs weren't getting any
lighter. By the time they came in sight of Mirror Lake, where they
were going to spend the night, those tourists with the burros didn't
seem funny at all.

"Somebody -’ ‘2 rent burros here," said Tim. "They'd make a
killing."

When it was almost dark they found a campsite that was far
enough off the main trail so they wouldn't get stepped on if they
slept past dawn. They spent an hour or so setting up camp and then
sat down to eat, but when it came to actually getting the food down
they all discovered that they weren't hungry. Tom ate a few crack-
ers and some cheese, but it made him feel a little nauseated. By
this time it was almost ten o'clock, and he was glad to crawl into
his bag and stretch out.

But he couldn't go to sleep. He'd been up since dawn, and he
ached in places where he didn't even know he had muscles, but after
an hour he was still wide awake. The ground under his bag must have
been the hardest substance known to man, and also the bumpiest. The
stars were bright. His nose was cold. He saw a shooting star.

"There goes another one," said John in the dark. "That's
three."

"Four," said Tim. "There was one way down over there by that
tree.”
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Nobody else was sleeping either.

They lay there watching the stars in silence. Once in a while
somebody would roll over and grope around under his bag and then
throw the offending rock into the bushes. Finally, about two
o'clock, Tom fell into a fitful sleep.

When he woke up he could tell by the sun that the morning was
half gone. He could hear people out on the trail, early risers
already on their way. He propped himself up on his elbows to look
at his fellow outdoorsmen. Tim heard him moving around and opened
one eye, then closed it again. John rolled over and sat up, still

in his bag.
“Can either of you guys cook?" he said.
"I made toast once," said Tim without opening his eyes.
"You're hired. Get up and make breakfast."
"Ain't got a toaster."
"Well, improvise. I'm starving."

Tom got out of his bag and into his clothes as fast as he
could. He went over to the water bucket to wash his face and dis-
covered that the water was covered by a thin sheet of ice. He
broke through it and got ready to splash some of the freezing water
on his face. It took him a couple of minutes to get ready. When he
finally felt up to washing with the stuff it took his breath away,
but when he was finished there was no doubt that he was awake.

The three of them ate a big breakfast and then sat down to
study the map and plan their hike for the day. They had come four
miles--and climbed over 2000 feet--on their first day. The next
camping spot was only two miles away, but it was another 1500 feet
up. Considering how tired they'd been at the end of the first day,
they decided that was enough for the second. That would leave the
third day for a climb of four miles and almost 2500 feet to the top
of California. They broke camp, made up their packs and hit the

trail.

Before long Tom was definitely short of breath. The going was
a lot harder up here than it had been down at the trailhead, 2,000
feet lower. They had climbed above the timberline now, so there
wasn't even any shade. Several times Tom had to stop and rest. Af-
ter a few minutes he would get his breath back and they would continue

on up the trail.

By the time they reached their base camp, 12,000 feet up, Tom
was walking very slowly to keep from breathing too hard and to keep
his heart from pounding. He had never been so glad to see a flat
place on the ground that was six feet long and three feet wide.

~
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They quickly made camp and got supper out of the way. It wasn't
very late, but they were exhausted, and they turned in immediately.
This time Tom thought he would drop right off for sure, but he
didn't, and neither did the others. It was last night all over
again, only this time with a little wind to make it colder.

The second morning on the trail was colder than the first, but
the sun warmed the thin, clear air quickly. Tom was first out of
the sack, and he felt great. He cooked breakfast in silent protest
against Tim's performance at the skillet the previous morning, ‘and
within an hour after they got up they were on the summit trail.

At first they made good time--they'd left their packs at the
base camp and just brought food for lunch--but as they went on the
trail got steeper, and there was still no shade anywhere, Every-

body slowed down, but Tom was the slowest of all. They had to stop
and let him catch his breath every ten minutes or so.-

"Wouldn't happen if you'd cut out the coffin nails," said John.
"I only smoke about ten a day," said Tom.

"Yeah, right down to the filter. I guess ten a day is all it
takes."

After lunch the three were sitting around;'digesting, and two
men--both with hair graying at the temples--came swiftly up the
trail.

"How is it at the top?" one of them asked Tim.
"Don't know. We're still on our way up."

"We want to be sure we don't miss anything along the way," said
John, with a pointed look at Tom.

"Well. Maybe we'll see you up there." The two men went on up
the trail at the same fast pace and were soon out of sight.

"How do you like that?" said Tim. "Those guys are at least
twice our age. Let's catch ‘em."

"Sure,” said Tom. "You first."

They hit the trail again, but T&ii was clearly holding them
back. He had to stop and rest too often. After two miles of steady
climbing they came to a half-mile of downhill trail. At the bottqm
of that was the junction with the John Muir Trail, and from there it
was two miles--~and almost 1000 feet-~to the summit.

Tom sat down at the side of the trail. He coughed a little:
He'd been coughing at the last few rest stops. John looked at him.

"You don't look too good, my boy. Getting a bit pale.”
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"Don't feel too good, either," said Tom. He did feel a little
sick.

"Hey:" said Tim. "Look at his lips!"
"Turning blue," ,said John.

Tom thought about getting up and continuing on the trail. He
decided against it. .

"Listen," he said, "you guys go on without me. I'll stay here
and wait for the bus."

"That ain't funny," said John. "You gonna be all right?"

"Just as long as I don't have to climb that mountain," said
Tom, "I'll be fine. Go on. I got water and the leftovers from
lunch. After I rest here a little bit I'll just go back down to
the base camp. Go on."

"Well, okay," said Tim. "Don't run off now, you hear? I got
the map."

"Keep it. I'm not going anywhere except back down that trail,
and when I see my own sweet bag I solemnly promise to collapse on

it."
"All right. See you."

Tim and John went on up the trail. Tom rested a while longer
and then got up and started back toward the base camp. Going down-
hill wasn't much easier than going up. He still had to stop and
catch his breath every few minutes. '

Finally he made it back to camp. He unrolled his bag and lay
down on it for a while, then propped himself up against his pack and
sat there, staring up the trail, waiting for the others to come back.

After a few minutes he felt pretty good, and it seemed silly
that he had been afraid to try for the top of the mountain. But
then he remembered the way he'd felt up there, coughing and wheezing
on that mountainside, and he decided that he hadn't really been
afraid. He just hadn't been able to go any farther.

15-2 Hypoxia

Tom's problem, as you may have guessed, was that his body wasn't
getting enough oxygen. The process of moving the oxygen molecules
from the atmosphere about him to the cells within his body where they
were needed wasn't working well enough.

The condition of oxygen deficiency is given the name hypoxia.
(The prefix "hypo-" means less than normal or too little; "-ox-" is
short for oxygen; the suffix "-ia" means condition.)
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The effects of hypoxia are many. Hypoxia causes mental and
bodily fatigue, loss of appetite and drowsiness. It may cause head-
aches and nausea, and occasionally a feeling of euphoria. Other
important effects are a partial lecss of memory and a decreased abil-
ity to perform tasks requiring motor coordination.

Hypoxia may come about in several ways. It may be caused by the
increased use of oxygen by the cells. This sceurs, for example, dur-
ing vigorous exercise. Or hypoxia may occur because the respiratory
and circulatory systems are unable to supply the normal amount of
oxygen. This may be caused by a variety of conditions, some of which
you have studied. Hypoxia may also be caused by insufficient oxygen
in the air. S

15-3 The Air at High Altitudes

How is the air different at high altitudes?

The start of Tom's problem was in the air he breathed. It was a
different gas from what he was used to breathing at low elevations.
But how was it different, and how did its difference affect Tom's
respiration?

One way it wasn't different was in composition--unless, perhaps,
it was less polluted. Of the two principal components of air, the
oxygen molecules are about 14 per cent heavier than the nitrogen
molecules. So you might expect to find a smaller percentage of the
heavier oxygen molecules at higher elevations. And you do, if you
go high enough--a matter of dozens of miles above the earth's surface.
But at the elevation of Mt. Whitney--or even Mt. Everest-—the differ-
ence wouldn't be detected.

One feature of the air that was somewhat different was its tem-
pera* ire. That was surely lower than the temperature at low eleva-
tior But temperatures such as Tom and his friends experienced on
Whitney are not uncommon at low elevations. The difference in tem-
perature, if it mattered at all, was hardly significant.

But another difference in the air--its pressure--was significant.
We live in a sea of air. If we'‘re at the bottom of the sea, the
pressure is higher than if we're at "shallower" locations. At ... :
top of Mt. Whitney the pressure is about three-fifths as much as at
sea level. That decrease in pressure was the important differenc-
as far as Tom was concerned.

15-4 Differences in Substances

How are solids, liquids and gases different in their properties?

If you dive to a lower elevation in a swimming pool, the pres- .
sure goes up, just as when you go to a lower elevation in the atmos-
phere. In fact, diving seven feet under the surface is like coming
down from an elevation of over six thousand feet, as far as pressure
change is concerned. But if the water is well mixed, the temperature
is not noticeably warmer at the lower elevation, as it is at lower
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elevations in a well-mixed atmosphere. And the number of molecules
of water in a unit volume is only the smallest bit greater, as com-
pared to the atmosphere, where the number increases substantially
as you go to lower elevations.

Clearly a liquid such as water and‘augasAsuch as air behave

quite differently in some ways. In a liguid the molecules are
crowded together. They might be likened to a cluster of sticky mar-
bles. They can move over and around each other--in other words, they

can flow. But if you try to push them closer together, they resist.
By raising or lowering the pressure, you may change the volume a
1iquid occupies a little. Unless the liquid changes 1nto a gas, you
can't change the volume much.

Changing the temperature of a liquid also has-a relatively
small effect on its volume. If the liquid is cooled, the molecules
usually crowd closer together, though occasionally they may spread
out. In any event, the change isn't usually dramatic.

With enough cooling, a dramatic change does occur, though not
in volume. The liquid changes to a solid. Typically the molecules
line up in regular patterns called crystals and no longe- are able
to flow. Ice is a solid that forms from a liquid as crystals. The
temperature at which it forms is the freezing point.

Some liquids never crystallize in this way. Instead, as the
liquid is cooled the molecules become less and less able to flow
and eventually just stop without forming any regular arrangement.
Solids of that sort are often called "glasses." BAs you might guess,
ordinary window glass is such a solid. You can't really talk about
the freezing point of a glass. The point a:z which it stops being
a liquid and starts being a solid is hard to decide.

When liquids are heated instead of cooled, the molecules usu-
ally spread out a little and become more fluid. But again, the
changes aren't dramatic--until the boiling p01nt is reached. Then
the liquid changes into a gas.

The most noticeable difference between a liquid and a gas is in
the distance between the molecules. In the usual liquid the molecules
are clustered together. 1In the usual gas they are far apart. For
this reason, the same number of molecules of a substance usually
need a volume hundreds of times as large when they form a gas as when
they form a liquid. A gram of liquid water at the boiling point has
a volume of about one cubic centimeter. As steam, it occupies a vol-
ume of about one and two-thirds liters--some 1,600 times as much.

This means that the molecules in the gas are nearly 12 times as far
apart as in the liquid.

Besides having a much larger volume because of the much larger
distance between molecules, gases also have a much more variable
volume. In a liquid, where molecules are elbow to elbow, it's hard
to push them closer. In a gas with lots of free space between mole-
cules, it's much easier. .
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15-5 Pressure in a Gas

What causes a gas to exert a pressure?

The reason that the molecules of a gas stay apart is that they
keep bouncing off each other. Gases can be treated as i- they were
swarms of marbles charging this way and that, continually striking
one another and rebounding with a new direction and a new speed. If
not held together by a container, such a collection of rzbounding
"marbles" would spread out indefinitely. The "stickiness" observed
in a liguid is overpowered by the liveliness of the molecular motion.

The molecules of a gas move fast and collide often. In ordinary
air, the typical molecule travels about half a kilometer per second
but collides with another molecule (or the container wall) after trav-
eling a few millionths of a centimeter.

The collisions with the continer wall explain the pressure a
gas exerts. Each molecule that bounces off a wall exerts a little
force of its own. The little forces of the many molecules that con-
tinually bonrbvard any wall add up to the total force that acts orn
the wall. Figure 1 shows a highly magnified picture of what goes on
at a wall.

Z

FIGURE 1: Bouncing molecules . ive pressure.

From this picture of a gas, it becomes evident what must hap-
pen when its pressure is lowered, as on the top of Mt. Whitney.
The left side of Figure 2 on the next page shows a volume of gas at
the pressure it might have at sea level. (A few sample molecules
are shown, appearing much larger and moving much farther than they
really do.) The atmosphere above the gas bears down with a force
represented by the kilogram weights.

The right side of Figure 2 shows the same sample of gas at the

elevation of Mt. Whitney. Less atmosphere now lies above i%, and
the force it must bear is less.
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pressure at pressure on
sea level Mt. Whitney

FIGURE 2: The effect of pressure.

As indicated, what happens is that the pluager moves upward until

the pressure in the sample drops to the value needed to support the
lighter load. With more room for the gas, the molecules are farther
apart and strike the plunger less often. The pressure on the plunger
1s therefore lower.

So the effect of the reduced pressure on the top of Mt. Whitney

iz to spread the molecules of air out--to make the air thinner. But
there's more than a change of pressure to consider.

15-6 Temperature in a Gas

How does temperature affect the volume of a gas?

When the temperature of a substance is raised--whether solid,
liquid, or gas--the activity of the molecules ordinarily increases.
In fact, temperature is nothing more than a measure of molecular ac-
tivity. 1In a solid, the molecules or other particles that make it
up are bound together so that they can't move far (unless they leave
the solid entirely). But they can quiver or vibrate more energetical-
ly as the temperature is raised. In a liquid, the molecules can
move about, and do so more quickly as the temperature goes up.

In a gas the molecules are even freer to move, and their move- *
ment is more responsive to temperature. Every rise in temperature
makes their movement more rapid. '

Because it so strongly affects the motion of the molecules, the
temperature can have a strong influence on the pressure or the vol-
ume of a gas. If a particular volume of gas is heated, the molecules
in it speed up and therefore strike the walls of the container harder.
If the volume doesn't change, the pressure will go up. To keep the
pressure from rising, the volume of the gas would have to be
increased. i
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These ideas can be applied to the air on Mt. Whitney, where
the temperature is lower than at sea level. In figuring the change
in volume of the sample in Figure 2, it was assumed that the tempera-
ture didn't change. But now suppose the sample having the pressure
on Mt. Whitney is cooled to the temperature on Mt. Whitney. Figure 3
shows the change.

!
-
o
temperatire llemperature
at sea level on Whitney

FIGURE 3: The effect of temperature.

Loweriig the temperature lowers the average speed of the mole-
cules. They strike the plunger less vigorously. The plunger there-
fore drops until the molecules strike it more often, again providing
the necessary pressure.

So the effect of the lower temperature on the top of Mt. Whitney
is the opposite of the lower pressure. It tends to increase the air
density--to make the molecules closer together.

Was this a help to poor Tom? Actually not. As air is drawn
intc the body, it very rapidly warms to body temperature. The amount
of air Tom could draw into his lungs per breath depended on 'the pres-
sure of the atmosphere around him, but on his own temperature.

These relationships can be investigated in the laboratory. From
the data produced, a mathematical expression can be developed that
relates all three properties of a gas—-temperature, pressure and
volume.

What iIs —the general term used to describe a conditior »f insufficient
oxygen?

How many different possible reasons for hypuxiamcanpypu list?

What are some of the effects of hypoxia?
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Describe three differences in the air at sea level and the air on top of
Mt. Whitney.

Compare a solid, a liquid and a gas in terms of molecular motion and the
distance between molecules.

What is temperature a measure of?

Vocabulary:

hypoxia (hy-POK-see~uh)--the condition of oxygen deficiency.

A
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SECTION 16:

16—-! The Pressure of the Atmosrhere

How is atmospheric pressure measured?

The pressure of the atmosphere can be measured in much the same
way as any other pressure. All that's needed is a manometer in which
one leg is subjected to a zero pressure--that is, a perfect vacuum.
The figure below shows two such manometers. The lefthand one lo.ks
more like the usual liquid-in-glass manometer but is not the sort
commonly used. In the righthand one, the atmospheric leg of the ma-
nometer is given a large surface area so that its level won't change
much as the liquid moves up and down in the tube. The manometer dif-
ference, h, can then be determined from the position of the liquid
surface in the tube. The tube may be marked with divisions so that
the pressure can be read directly from it.

The liquid can't run out of the tube because of the vacuum above
it. A liquid stays in a pipet when you close the top with your fin-
ger for much the same reason.

zero pressure
(appreximately)

atmospheric
pressure

Manometers that measure atmospheric pressure.

Manometers that measure the pressure of the atmosphere are
called barometers. The liquid used in them is invariably mercury,
which has the advantage of high density and therefore requires a
shorter tube than less dense liquids. At sea level the manometer
difference, h, in a mercury barometer is about 760 mm.

The pressure on the evacuated side of a mercury barometer is
not exactly zero. The mercury vaporizes slightly, #1d the moving
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molecules of the mercury vapor give a slight pressure on the upper
leg of the barometer. But at 20 °C the pressure from this vapor is
only about a thousandth of a millimeter of mercury and can usually
be ignored. Knowledge of atmospheric pressure (also called baromet-
ric pressure) is useful for predicting winds and weather and for

judging elevations. It is also often needed for finding absolute
pressure. —

As was discussed in Section 13, a U-tube manometer that has. one
leg open to the atmosphere measures pressure relative to atmospheric
Pressure. In other words, the pressure of the atmosphere on the open
leg is taken as zero. The same is true of pressure gages that are
used to measure the pressure of tires. Such manometers and gages
give the pressure difference above or below atmospheric. The meas-
ured pressure is often called gage pressure, since it's the pressure
given by the usual gage.

But sometimes yod need to know the total pressure exerted by a
gas or liquid. To get it you simply add the atmospheric pressure to
tie gage pressure. The result is called the absolute pressure.

As an example, if the barometric pressure was 760 mm Hg and you
measured a blood pressure of 120 mm Hg, the absolute pressure in the
bloodstream would be

120 + 760 = 880.mm Hg

On the other hand, if the barometric pressure was 456 mm Hg, the
absolute pressure in the blood would be about two-thirds as much.

120 + 456 = 576 mm Hg

The two barometric pressures selected in the example are part
of a so-called "stundard atmosph=re." The atmospheric pressure at
any particular elevatior. varies because of climate. But scientists
have agreed on certa.n average values that can be used when a stan-
dar: is needed. Th: standard sea level atmospheric pressure is
taken as 760 mm Hg. The standard atmospheric pressure at 13,500 feet
(the highest elevation Tom reached) is 456 mm Hg. The two absolute
pressures that were calculated, therefore, might describe the total
pressure of Tom's blood at sea level and on the slopes of Mt. Whitney.

This change i.: Tom's absolute olood pressure, however, and
should not be considered in any way responsible for his difficulties.
To the solid and liquid parts of the body--as long as they stay that
way-—-the absolute pressure doesn't matter much. The behavior of
blood and tissue depends primarily on the pressure differences they
are subjected to. Only where cases or vapors are involved does the
absolute pressure become of interest. For Tom, an absolute pressure
was of interest; but it was the absolute pressure in his lungs, not

in his bloodstream.

The barometric pressure of the standard sea level atmosphere,
760 mm Hg, is sometimes used as a pressure unit called the atmosphere
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(abbreviated atm). With this unit, standard atmospheric pressure at
sea level is 1 atm; at 13,500 feet, it is 0.6 atm (456 divided by
760). Although it is usable for any pressure, the use of this unit
is usually restricted to absolute pressure. The pressure in a tire
would probably not be described as two atmospheres, gage pressure,
but rather as three atmospheres, absolute pressure.

16-2 Respiration at High Altitude

Why was Tom the only one who couldn't reach the summit?

The problem Tom had with getting enough oxygen came from the
low absolute .pressure ir ris lungs. Each time he filled his lungs
with the low-pressure ai-, he drew in fewer molecules of oxygen than
at sea level. As a resu.t, fewer molecules of oxygen passed from
his lungs into his bloodstream.

Breathing more rapidly improved the situation slightly, but
only slightly. No matter how rapidly he breathed., he could only
have so many molecules of oxygen in his lungs at any one time. And
t. .t number was always low because of ithe low pressure.

wreathing more deeply helps more than breathing more rapidly,
“or it inflates all of the lungs' alveoli and provides a larger area
£ r oXygen transfer to the blood. :

Unfortunately, though, the lung actions that promote the pickup
of oxygen by the blood also increase the removal of carbon dioxide
from the blood. And the result is an upsetting of the blood chemis-
try (in ways that will be studied later in the unit).

All of these problems were shared by Tom's companions and
everyone else on the mountain. Why, then, were his friends able to
ccatinue, while Tom was not?

The biggest help for coping with the low pressure of high alti-
tude--as Tom painfully discovered--is having red blood cells that are
in good shape. How rapidly oxygen will pass from the lungs into the
bloodstream deperds in part on how rapidly it is picked up by the
red blood cells and carried away to the body cells that need oxygen.

Because of his smoking, Tom's red cells were seriously hampered.
Some of the carbon monoxide that Tom drew into his lungs with each
puff on a cigarette also passes into the blood and is picked up by
red blood cells. In fact, it is picked up about 200 times as readily
as oxygen. And once a red cell is loaded with carbon monoxide, it
can't pick up oxygen. In Tom's red blood cells, many sites that
should have been carrying oxygen were carrying carbon monoxide.

16-3 Adaptation to Altitude

How do people adjust to high altitude?

If Tom had set up residence on the slopes of Mt. Whitney, he
might eventually have reached the point where he could cope with the

]
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reduced pressure. The body's adaptations to the low pressure at high
altitude don't happen all at oncez. The only immediate responses are
in the depth and rapidity of breathing.

This immediate adaptation is a mixed blessing because of its
side-effects. But for individuals who continue to live at high alti-
tude, a change occurs in the functioning of the kidneys that tends
to correct the blood chemistry so that the body will tolerate the
greater loss of carbon dioxid. from the lungs caused by rapid or deep
breathing.

Continuing to live at high altitude also causes another . change
in the blood. A fully adapted person may have 40 to 70 per cent more

red blood cells. That adaptation may take several years to develop
fully, but significant changes occur in as guickly as a month's time,

Several other differences are also noted in people who live at
high altitude. Whether these are difference- that develop during
vears of living at those altitudes, or are simply characteristics of
the sort of people who can survive such a life, isn't fully known.

High-altitude dwellers generally have a greater profusion of
capillary blood vessels in their pulmonary circulation, which provides
more effective transfer of oxygen hetween lungs and bloodstre .. They
also apparently have more lung surface area.

The capillaries appear to be more profuse in other parts of the
body as well. which may facilitate the use of oxygen by the cells.

Why is mercury used in barometers?
How are gage pressure, absoi ite pressure and atmospheric pressure related?
What is the relation between ! atm and 1 mm Hg?

why does atmospheric pressure affect the rat. at which oxygen enters the
bloodstream?

Why are smokers especially vulnerable to the effects of high altitude?
What is the onty immediate ros - to nrigh altitude?

How do people adapt to high altitude after staying there for & period
of time? :

Vocabulary:

absolute pressure--the total pressure exerted; the sum of gage pres-
sure and atmospheric pressure.

atmosphere--a unit of pressure equal to 760 mm Hg (abbreviated atm).

barometer--a device used to meazure atmospheric pressuro.

gage pressure-—the pressure relative tc atmospheric pres: re.
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SECTION 17:

17-1 Tom's Case Record--Age 17

Tom stopped at a level place-in the trail and shifted his back
pack. iis shoulders felt like they were about to fall off. All
three of them, he and Dad and Uncle Jim, were supposed to be carrying
the same w=2ight packs. Tom had a feeling there had been a mixup
somewhere. :

They'd already hiked two miles uphill and one mile down, and
Uncle Jim kept saying they were almost there, but Tom couldn't see
the lake. Just trees, and now and then a glimpse of the ridge on
the other side of the valley in the morning sun.

He set his pack and started off down the trail again. Dad and
Uncle J.im were out of sight, but Tom had lost interest in keeping
up. He took his time and thought about the fish in that lake. Brown
trout, they were. Big ones. Last time he'd caught _ne fourteen
inches long and put everybody to shame. He couldn't wait to do that
again.

"Come on, Tommy. Those fish won't wait all day." The voice
was Uncle Jim's, from somewhere down the trail. Tom hooded his
thumbs in the shoulder straps and pushed himself a little harder.

He came around a bend in the trail and saw a boulder as big as
a house, with the trail winding around behind it. Suddenly he felt
a lot better. Just on the other side of that boulder was the clear-
ing where they would camp, ard beyond that there was nothing but
water. Clear, cold water and great big fish.

Uncle Jim already had his pack off when Tom rounded the boul-
der. When he saw Tom coming, he flashed his big o0ld country grin
and slapped his belily.

"Trout for breakfast," he said.

Tom dropped his pack and got out his fishing gear. 1In no time
at all he had his rod together and a fly on the leader. He wasn't
tired ahy more. He couldn't even remember being tired. He jumped

up and started toward the water.
"I got the log," he said.

"Don't shout," said Uncle Jim. "Trout don't dine with noisy
neighbors."

The log was a huge fallen tree that lay across the little stream
flowing into the lake. At the other end of it there was a shady bank
and that was the best fishing spot on the lake. Uncle Jim said the
vrowns assembled there for prayers every morning, and he'd spent the
last twenty years trying to hook the preacher.



IToxt Provided by ERI

Tom one-handed his way up over the roots of the fallen tree,
holding his rod high with the other hand so as not to get it tangled
up. When he reached the top he turned to see if the other two were
watching. They were. He waved and started across the log.

About halfway across that log, the going got tricky. The log
got narrower, there were snags to dodge, and on top of that the rot-
ten bark was slippery. Tom's theory about logs like that was that
you have to keep going or you'll never get to the other end. He'd
seen people get more and more cautious in tight places like that
until pretty soon they weren't moving at all. That was not for him.
He kept moving.

"Tommy, be careful." That was his dad. "That water is cold."
"You ain't no trout," said Uncle Jim.
Now who was shcuting?

Tom stopped astraddle a snag where the footing felt pretty
solid, and turned to wave to show them he was all right. As he turned
he felt his foot slip, and when he looked down he saw that the chunk
of bark he'd been counting on had ccae lcose, and he was standing on
thin air.

It wasn't deep, but it was cold.  He found the bottom and stood
up. The water was up to his chest. He couldn't catch his breath.
He couldn't see anybody. It seemed like hours before he could get
enough breath to yell, though it was really only seconds.

"Help!" It soundec like somebody else. He tried to get‘enouqh
air to yell again. He was still gasping.

"You all right?" said Uncle Jim.

Tom was shivering so hard he couldn't talk. He was soaked, but
he didn't ‘:2el like he'd broken anything, so he nodded "yes."

"Well, wade on out of there," said Uncle Jim, "I sure wouldn't
want to have to ~ome in after you."

By the time Tom had made it to tlie shore, his dad was standing
beside Uncle Jim. The two of them reached down and hoisted Tom out

onte * .2 bank.

"Go on over there in the sun and sit down," said Uncle Jim.

. "And stop shaking before your teeth come “loose."

Tom s¢ = % +.© .nn the sun. H~ tried to stop shaking, but he
couldn't. <~ u. i brought a b.anket and wrapped it around L.m and
told him te ¢ .- ~wu. Tom wasn't about to go anywhere. He was

breathing fast.

Slowly the sun warmed him ur. After several minutes he could
feel the heat through the blanket, @nd then his breathing slowed down.
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Uncle Jim sat on a rock nearby, looking over his fishing gear.

"I can just hear him," he said. "That old preacher trout."

He crouched and looked up, bugeyed, like a trout on the bottom
of a lake. "Man, oh man," he said. "That's the biggest danged fly

I ever seen."

17-2 The Neural Control of Breathing

Why did Tom's experience affect his breathing?

When Tom plunged into the frigid water, his respiratory system
responded in two quite different ways. First, the painful shock of
the cold water seemed almost to paralyze the muscles of his chest and
diaphragm. He had to fight to breathe. But then his breathing be-
came rapid. Both reactions were automatic responses of a part of his
brain to the messages it was getting.

Our breathing is controlled by the respiratory center, which
is located in the brain. The respiratory center is composed of cells
called neurons, which are the basic units of the nervous system.
Some neurons control inspiration, while others control expiravion.
The respiratory center both receives and sends information along
nerve pathways that are themselves composed of neurons.

. One of these pathways carries information from the respiratory
center to the diaphragm and the chest muscles and information rfrom
those regions back to the respiratory center. It is this nerve path-
way that carries the signals that determine how often we inhale and
exhale and how deeply.

But the respiratory center receives information from many other
parts of the body as well. For example, if we consciously decide to
hold our breath, a m:ssage gues from a higher portion of the brain
to the respiratory center. From there appropriate information is sent
to the diaphragm and chest to stop breathing. This message gets
"overruled" before long. :

Many different kinds of stimulation will cause the respiratory
center to change our breathing. The prick of a pin or a sudden
drenching with cold water will make us gasp for breath. Many emo-
tional states, thoughts, sights or sounds may change our breathing
rate. 1In each case, tt= stimulation is transmitted to the respiratory
center, which responds by changing its signals to the diaphragm and
~hest muscles. .

Any conditiorn th -t interferes with the normal function of the
respiratory center « u depress or even stop respiration. Brain swel-
ling resulting from brain concussion is one such condition. Another
is overdosage of anesthetics or narcotics.
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SECTION 18:

18~1 rung Volumes and Capacities

what are som. of the measurements made on the lungs?

The demands that the respiratory center may make on the lungs
are limited. = - chest and diaphragm muscles can be moved only so
fast. And they can enlarge and shrink the chest cavity only so far.

An adult at rest inspires about half a liter of air with each
breath, but is ablc to inspire many times that amount when it is
necessaly. That is one reason why the lungs of an individual, such
as a smoker, may deteriorate significantly without his realizing it.

Measurements of volumes of air involved in a person's breathing
and thé capacity of a person's lungs are an important part of diag-
nosing Malfunctions of the lungs. -For that reason, it is important
to understand the definitions of the various volumes and capacities
connected with breathing.

These QUantities can be best defined by referring to the figure
below 1N which the volume of air in the lungs is shown as a function

of time-
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The amount of air inhaled and exhaled during a normal breath is
called the tidal volume. The first three cycles on the graph repre-
sent normal breaths.

Once a person has taken a normal breath and inspired a normal
amount of air, he is able to inspire additional air until his lungs
are fully inflated. The amount of additional air a person may in-
spire is called the inspiratory reserve volume. In the fourth breath

on the graph tn~ lungs are fully inilated.

It is al o possible to expire additional air after normal ex-

piration. ™ -mount of additional air that may be expired is given
the name ex~- vy reserve volume. It is shown on the graph after
the sixth h . Observe that even after a person expires as much
as he can. ¢ .tain amount of air remains in his lungs. It is im-
possible to c«iire all of the air in your lungs. The amount remain-

ing after yisu have exhaled as completely as possible is called the

residual wvolune.

The .acunt of air remaining the lungs after normal expira-
tion is <:ven the name functional residual capacity. It is the sum
of the e¢xpiratory reserve volume and the residual volume.

The tidal volume plus the inspiratory reserve volume is called
the inspiratory capacity. This is the amount of air a person can
inhale after normal expiration.

The vital capacity is the maximum amount of air a person can
exhale after inhaling a maximum amount. Also called the forced
expiratory volume, or FEV, it is the greatest amount of air that
can be exchanged in one breath. Of all of these volumes and capaci-
ties, FEV is the most important measure of the condition of a per-
son's lungs.

The total lung capacity is the sum of vital capacity (or FEV)
and residual volume or, as may be seen from the graph, the total of
all four of the lung volumes shown. Residual volume, and therefore
total lung c¢apacity, cannot »e measured directly; but they can be
estimated from other data.

18-2 The Breaking-Point Reflex

why can’'t we hold our breath irdefinitely?

If you stop breathing, the respiratory center will eventually
force you to start again--unless it has been incapacitated or damaged

for some reason. The action of the respiratory center that forces
you to take a new breath is sometimes called the breaking-point
reflex.

How quickly the breaking-point reflex takes over depends on
how fully the lungs are inflated. If you inflate your lungs to the
total lung capacity, you can hold your breath much longer than if
vou shrink them to their residual volume.




The time before the breaking-point reflex acts also depends on
the amount of carbon dioxide in the lung air at the time you start
holding your breath. If you first hyperventllate (breathe more rapid-
ly than necessary) to reduce the carbon dioxide in the lungs, the
breath-holding time will increase.

The origin of the breaking-point reflex lies in the chemistry
of the blood and will be discussed after you have learned the basic
chemical facts that are needed to explain it.

Why are measurements of lung volumes and capacities important in biomedicine?
Why is FEV, or vital capacity, of special importance?
Why can't the residual volume be measured directly?

What are two factors that affect how long we can hold our breath?

‘Vocabulary:-

breaking-point refiex~-the action of the respiratory center that
forces one to resume breathing after holding one's breath.

forced expiratory volume--the maximum voiume of air that can be ex~
.pired in a single breath. Abbreviated FEV.

residual volume (reh-ZID-u-ul)--the volume of air remaining in the:
lungs following maximum expiration.

tidal volume--the volume of air inhaled or exhaled ¢luring normal
breathing at rest.

total lung capa01ty——the maximum volume of air that the lungs can
hold.

vital capacity--same as forced expiratory volume.

SECTION 19:

19-1 Tom's Case Record--Age 18

Tom put the key in the ignition and turned it. The starter
ground a few times and then the engine started with a bang. In the
6 A.M. silence it sounded like some kind of a bomb going off. He
backed out into the deserted street and headed for work.

He didn't like the idea of working the rest of his life, but
he was out of school now. The summers seemed to be getting shorter
as he got older, and now it was getting hard to tell them from the
winters. They were warmer, but they weren't much more fun. He hadn't
seen a baseball in over a month. Couldn't remember when he'd last

gone fishing.
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Working did have its good points. There was money in it, and
even if money couldn't buy happiness, it seemed to buy a certain
degree of independence. That he liked.

But it took time. It seemed that he spent so much time earn-
ing his money that he didn't have any time left to enjoy it. He'd
mentioned that to his father recently. His father had just nodded
and said, "Welcome to the real world."

Driving to work this time of the morning was probably the hard-
est part of his job, and he didn't even get paid for it. Most morn-
ings he would be halfway there before he woke up. The empty high~
way didn't help any. The white lines flying by in the half-light
were hypnotic.

This morning was a little different, because this morning he
felt like he hadn't even been asleep. He'd been out late the night
e —be fere-wi-th~Kathy—and-between--the—time--he-got-home-and--the--time—the—-
alarm went off he had just. been able to catch a little catnap. Now,
roaring down the empty highway, he felt like this morning was just
an extension of the night before. He was having his first forty-
eight~hour day.

He looked at his watch. Quarter after six. He was ahead of
schedule, moving faster than usual because he wasn't groggy--just
sort of hazy in the brain. 4t this rate he would have an extra ten
minutes. Just time for some coffee and doughnuts. That would set

him straight.

He reasched for his cigarettes on the dashboard. They weren't
there. He took his eyes off the road to look for them. There they
were clear over on the other end of the seat. He unbuckled his seat
belt, leaned over and grabbed the pack, and sat up again.

When he got his eyes back on the road he saw the curve coming,
much too fast. He jammed on the brakes and gripped the wheel, wait-
ing for the back tires to break loose so he could skid into the
curve and then power out of it. That was how race drivers did it.

It didn't work. There wasn't any road, and then there was a
tree, and he was heading straight for it.

* * *

Leroy Pickett saw the car sitting at a crazy angle in the
ditch at the side of the road, and he thought somebody had probably
run out of gas and pushed it off there to get it out of the way.
But then he saw that the front end of it was mashed in, and he be-
gan to slow down. Finally he saw the young man sitting on the
shoulder, looking at the pavement between his feet.

His wife saw him at the same time.
"Somebody's hurt," she said.

R
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Leroy pulled off the road and jumped out of the car. He jumped
down into the ditch to see if there was anybody in the car. Nobody.
He looked around quickly to see if anybody else had been thrown
clear of the wreck. Didn't see anybody.

"Go get help!" he yelled at his wife, and waved off down the
road. She slid over behind the wheel and roared off. Leroy scram-
bled up the bank and ran over to the young man who was still sit-
ting there, dazed, looking at the ground. He looked the young man
over for major bleeding. There were a few deep cuts on his face
and in his chest, but it didn't look like any major blood -vessels
had been cut. But there was a strange noise--a soft sucking sound
coming from a wound in the young man's chest, just below and in
front of his armpit. .

Leroy asked the young man how he felt, but all he could get
out of him was an uncomprehending stare.

. ."You'll be._all _right," he_said.__"The_ambulance_ is coming.'

The young man didn't seem to care.

Leroy noticed that his breathing was becoming shallow. It was
getting faster, too. And his lips were turning bluish-gray. The
sucking sound continued.

He was beginning to worry about that sucking noise. He bent
down and listened. The wound seemed to be sucking air in, but not
blowing it out. He tore the young man's shirt away from the wound
and watched as he breathed. When he breathed in, air was sucked in
through the wound; but when he breathed out, only a little of the
air came back out. His breathing was getting faster and faster.

Leroy scratched his chin and tried to think. He knew some-
thing about chest wounds that sucked like that, but he couldn't re-
member what it was. Sucking wounds, they were called.

Then he had it. He'd sat through a whole lecture on sucking
wounds in paramed training before he went to Vietnam. They can
kill you in about ten minutes.

Quickly he bent down and clamped the wound shut with his fin-
gers and held it firmly so that it was airtight. The young man was
gasping for breath. Leroy had been just in time.

When the ambulance got there, an attendant immediately covered
the wound ' ‘th a piece of wide surgical tape. Then they picked the
young man up and laid him on the stretcher. As soon as they got
him into the ambulance they put an oxygen mask over his face.

Leroy's wife drove up just as the ambulance was pulling away.
She turned around and pulled up beside him on the shoulder of ;he
road. Leroy's knees were starting to feel funny, like he had Jjust
run a long way. He opened the door and plopped into the seat. For
a minute he just sat there with the door open and one foot still
out on the ground, Staring after the flashing red lights.

f .-
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He took a long, slow, deep breath of air.
"Wow," he said. "That was a close one."

19-2 The Mechanics of Breathing

What keeps our lungs from collapsing?

To appreciate the nature of Tom's chest injury, a more complete
understanding of the mechanics of breathing is necessary.

As mentioned earlier, the lungs are a vast collection of air
sacs bulging with alveoli. The air sacs are balloon-like structures
that will collapse unless the pressure inside is enough to keep them
inflated.

To inflate a balloon, you have to force more air molecules inside
——————to-make—the-pressure-on—the—inside—greater than—the-atmospheric pres- -
sure on the outside. The pressure differe:nce overcomes the elasticity

of the rubber and keeps the balloon inflated.

The same sort of action is needed to inflate the air sacs of the
lungs. But in the lungs it isn't accomplished by raising the pressure
inside. 1Instead, it is accomplished by lowering the pressure outside
the sacs.

The fluid in the pleural spaces maintains a pressure below.atmos—
pheric. In this way a pressure difference always acts on the. air
sacs, keeping the sacs inflated to fill the chest cavity.

The pressure in the pleural spaces changes somewhat depending
on how much the lungs are inflated. As with a balloon, full infla-
tion requires a greater pressure difference, therefore a lower
pleural pressure.

The pressure in the pleural spaces is also affected by the pres-
sure in the lungs. As you inspire, the volume of your lungs increases.
Until enough air can flow into them, the lung pressure drops below
atmospheric. As you expire, the volume of the lungs decreases and
the lung pressurc rises above atmospheric. As a result, a lower
pleural pressure is needed to keep the lungs inflated during in- .
spiration than during expiration.

A graph of typical pressure variation in the lungs and the
pleural spaces is shown in Figure 1 on the following page.

19-3 Coliapse of the Lung

wWhat happens when air enters the pleural space?

These facts about the operation of the lungs explain why Tom
was in dire straits. Tf the pressures both inside and outside a lung
become eg:zal, the lung will collapse because of 1its elasticity. This
is what occurs when a wound in the chest wall exposes a pleural space
to the air outside. ’
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FIGURE 1: Pressures during respiration.

A situation in which air enters a pleural space is called a
pneumothorax. ("Pneumo-" is from the Greek word for air, while
"thorax" means chest.) A pneumothorax may occur not only by air
entering a pleural space from outside, but also by a rupture of a
lung allowing it to enter from within.

Fortunately each lung has its own separate pleural space, and
if one lung suffers a pneumothorax, the other suffers only indirectly.
How the other lung is affected depends on the type of pneumothorax,
of which there are three.

Before describing the three types of pneumothorax we must men-
tion a part of the anatomy we have not yet encountered. It is
called the mediastinum, and it is a wall of tissue which separates
the right lung and pleural space from the left lung and pleural
space.

We will first describe a closed pneumothorax. A closed pneumo-
thorax is one in which a hole is opened but quickly closes. The
pressure in the pleural space rises to atmospheric, and the lung on
that side collapses. Since the pressure in the pleural space on
the wounded side is greater than that on the normal side, the medi-
astinum moves a little toward the normal side.

Although the functioning of the intact lung is impaired, several
compensations occur. First, the trapped air in the injured pleural
space changes in pressure in a way that gives some assistance to the
intact lung. During inspiration the volume occupied by the trapped
ailr increases and so its pressure is reduced. This tends to move the
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mediastinum toward the injured side, permitting more air to enter the
intact lung. During expiration the volume of the trapped air is de-
creased and its pressure therefore goes up. That moves the mediasti-

?um toward the uninjured side, helping to expel air from the intact
ung.

Another compensating feature is that the collapsed lung offers
greater resistance to the flow of blood. As a result, the flow of
blood to the unaffected lung increases, and the amount of oxygen
passing into the blood may not be seriously diminished. A closed
pneumothorax tends to correct itself. Within a few weeks the air in
the pleural space is absorbed into the body and the collapsed lung
becomes inflated again.

If the patient is suffering severe discomfort, he may be treated
at a hospital by having a rubber tube inserted through the chest wall.
The tube is connected to a pressure regulator which reduces the pres-
——————sureinthe pleural “space to less than atmospheric. "This procedure
is called decompression.

N

At one time it was common practice to treat tuberculosis by
injecting air into the pleural space to collapse a lung. The pur-
pose was to give the lung a rest. This technique was found to be
of little or nc value, however, and is no longer practiced.

A more serious condition-is an open pneumothorax, in which the
wound remains open. (See Figure 2.) With such’'a wound, the air with-
in the injured pleural space stays at nearly atmospheric pressure.
buring inspiration its pressure can't drop nearly as much as with a
closed pneumothorax, since air is drawn in through the wound. During
expiration, the pressure can't rise significantly. Therefore the
mediastinum tends to remain fully deflected, seriously impairing the
capacity of the intact lung. An open pneumothorax is fatal if the
wound is not closed.

—~——WOUND

COLLAPSED LUNG
INTACT LUNG -

ATMOSPHERIC PRESSURE

MEDIASTINUM  SHIFTED
TOWARD INTACT SIDE
FIGURE 2: An open pneumothorax.

B4

110"




An even more serious type of pneumothorax is a tension pneumo-
thorax (see Figure 3). This is the type suffered by Tom when he had
his automobile accident. A tension pneumothorax involves a flap of
skin over the wound which opens during inspiration and allows air to
enter, but closes during expiration and allows little or no air to
leave.

ATMOSPHERE ATMO SPHERE
N -
PLEURAL SPACE PLEURAL SPACE
INSPIRATION EXPIRATION
FIGURE 3: The mechanics of a tension pneumothorax.

More air enters the pleural space than leaves, and the pressure in
the pleural space becomes further above atmospheric with each breath.
The effects are the same as in the case of an open pneumothorax, ex-
cept that the pressure difference between the two pleural spaces is
greater. The shift of the mediastinum is consequently greater.

Death in this case can occur in as little as ten minutes.

First aid for a tension pneumothorax, as for an open pneumo-
thorax, involves forming an airtight seal over the wound. Surgical
tape two inches wide is ideal. If no tape is available, the person
giving first aid should clamp and hold the wound closed with his
fingers until help arrives. Gauze and cloth pads do not keep air
out and should not be used.

In the case of tension pneumothorax, closing the wound is not
sufficient to keep the victim from suffering. It is essential that
a doctor insert a rubber tube to decompress the pleural space. The
patient will also be given oxygen at a pressure above atmospheric to

aid his breathing.

How does the pressure of the pleural spaces serve to keep the lungs inflated?
Why does a lung collapse if the pressures inside and outside become the same?
What role is played by the mediastinum in the three types of pneumothorax?---

wWhat compensating factors help to prevent a closed pneumothorax from being
lethal?

Why is a tension pneumothorax even more dangerous than an open pneumothorax?

10z
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Vocabulary:

mediastinum (ME-de-uh-STY-num)--a wall of tissue that separates the
two lungs and their pleural spaces.

pneumothorax (NEW-mo-THOR-aks)--~-the presence of air in the pleural
space.

closed pneumothorax--a pneumothorax in which the wound is sealed
off from the atmosphere.

open pneumothorax--a pneumothorax in which the wound is.open to
the atmosphere.

tension pneumothgrax--a pneumothorax in which more air enters
the pleural space with each inspiration and little or no
air leaves during expiration.

REVIEW SET 19:

1. Imagine that you are exerting pressure on an object. What two
changes could you make to increase the amount of pressure on that
object? What changes could you make to decrease the amount of

pressure?

2. What is the pressure at the bottom of the glass of milk?

Density = 1.03 g/cu cm

3. What is the name of the instrument which is used to take a per-
son's blood pressure? In what units are the readings given?

4. After Tommy ran his race, he experienced severe chest pains.
What was the cause of his chest pain and what could have happened if

he had run another lap?

5. Trace the path of oxygen from the bronchi to the bloodstream
naming all the structures in the order in which they would be passed.
6. What is a person's aerobic capacity? What does it have to do
with fitness? =~ S ' '

7. Describe the condition called "hypoxia." Give some of its
causes and the effects it has on the body. -
0,



8. Contrast the molecular properties of solids, liqguids and gases.

9. What effect does an increase in temperature have on the volume
of a gas? A decrease in temperature?

10. What is the difference between a manometer and a barometer?

11. Give at least three changes that occur in the bodies of people
who live at high altitudes.

12. what changes took place in Tom's body to cause him to breathe
rapidly after he left the cold water of the lake?

13. where is the respiratory center and what is its function?

14. Give the difference between "poikilothermic" and "homeothermic."
Name two organisms which are poikilothermic and two which are
homeothermic.

15. Define the following: tidal volume, residual volume, vital
capacity, forced expiratory volume, total lung capacity.

16. Name two factors which affect how long you can hold your breath.

17. Describe and compare three kinds of pneumothorax. Give the first
aid and follow-up treatment for each type of pneumothorax.
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SECTION 20:

20~1 Toms's Case Record--Age 21

Tom was yoing on a picnic, but he was very uneasy. He had
meant to ask Kathy something for a long time, several months in fact,
but he never seemed to get around to it. Told himself it wasn't the
right time, or that he'd forgotten. He'd get home from a date and
say to himself, "Gosh, I forgot to ask her again.” What he forgot to
ask was whether she would marry him.

This was why he was uneasy about the picnic. He'd hoped to go
to the ball game; there was no way to ask his question in a noisy
crowd. But Kathy had gone out of her way to put a nice lunch togeth-
er, and he saw no way out.

So instead of eating hot dogs at Blue Sox Field, Tom was driving
past the shopping mall on the edge of town, on his way toward
Roosevelt Park. The car windows were down, and the wind felt good.
It had been hot and muggy all week, and the "possibility of afternoon
thundershowers" that the weatherman had promised each day had not
happened. It was another still, hot day--perfect for watching a ball
game.

When they arrived at the park, Tom carried the picnic basket
over near one of the large sprawling ocaks. Then he and Kathy took
their shces off and walked through the grass down to cthe stream to
cool their feet. Kathy playfully splashed water on Tom, but he was
not in the mood to play.

"What's the matter?" Kathy asked.

"Guess I'm just thinking about lunch," Tom replied, not quite
truthfully.




Kathy had prepared ham and cheese sandwiches, hard-boiled eggs
and sliced carrots. She had put in two oranges for dessert and choco-
late-chip cookies she baked herself. The food reminded Tom of what
a good cook Kathy was, so he tried to think of something else.

"Wonder how the Blue Sox are doing," he said. '

After he had brushed the last ant from the last cookie and
eaten the cookie, Tom lay back in the grass, trying to svak up some
sun and relax. It was then that he noticed the tall, dark cloud
drifting in from the horizon.

As the cloud moved nearer, it became larger and blacker. "Why
does it always rain on my picnics?" Kathy wondered as Tom moved
their shoes, jackets and the picnic basket under the tree. By now

it was too late to run for the car; a lightning flash was followed
shortly by the boom of thunder.

Tom and Kathy sat under the tree waiting, but the silence made
Tom nervous. So he decided to show off for Kathy by doing a series
of somersaults and handstands. This way he could po3tpone any seri-
ous talking.

After a few cartwheels, he swung from the lower branches of the
oak. Kathy was apparently not properly impressed, because she gazed
off into the distance. So Tom beat his chest and yelled, "Me
Tarzan...."

But before he could say, "You Jane," there was a flash of light-
ning above. Kathy heard almost at the same time a very loud BWAMM,
but Tom didn't hear. He landed on his back on the ground.

Kathy screamed, "Are you all .ight?" She was scared by the
loudness of the thunder, Tom's fall and the odor of burnt wood.

“Tom didn't answer; he was stretched out on the ground, uncon-
scious. He was sort of rigid, and he was twitching a little. He
wasn't breathing.

Two young men with a frisbee, who had been sprinting for their
car to beat the rain, heard Kathy scream and came runnlng over.

"Call an ambulance quick!" said the tall one. "He's paralyzed:!"

Then, while his friend ran off for help, he wegt to wqu on
Tom. He stuffed the jackets under his shoulders, tipp~d his head
back and started giving him mouth-to-mouth resuscitation.

After about two minutes he stopped. Tom wasn't stiff any more,
but he was still unconscious. He wasn't breathing at all.

After about three more minutes of artificial respiration, Tom
began to grunt and struggle a little. A minute later he was breath-
ing on his own, but not very evenly. In a few more minutes he started
to regain consciousness. He was very confused.

. 1 P ..
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An ambulance came speeding across the grass, and slammed on its
brakes near where Tom lay. "Monday morning someone's not going to
like what we did to the grass," an attendant said.

The attendant looked at Tom and then took Kathy aside.

"I think he'll be all right." he said. "But we'll take him to
Emergency anyway, just to make sure."

The ride to the hospital seemed long. Kathy was worried about
what might have happened to Tom. The attendant said he'd be all
right, but how did he know? Kathy knew nothing about lightning, but
she knew she was worried. )

Later at the hospital they had rushed Tom off somewhere and
told Kathy to wait. Finally a doctor came out and sat down beside
her.

"Tom is going to be okay," he said, "but I think we'll keep an
eye on him until tomorrow just to make sure." Then the doctor ex-
plained to Kathy what had happened.

"Lightning tends to follow the path of least resistance between
the sky and the ground. Almost all of the electricity must have
passed through the trunk, but enough passed through Tom to give him
quite a shock."

Kathy knew nothing about electricity and didn't know what resis-
tance meant, but she listened because she wanted to know what had
happened to Tom. .

"What happens to a person," the doctor continued, "when electri-
city passes through him depends on the path it takes. It can cause
muscles to contract or have spasms, which means that it can cause the
heart muscles to stop or lose their natural rhythm. But this isn't
what happened to Tom. The electricity passed through the respiratory
center, which is located in the brain. If electricity passes through
the respiratory center, it interferes with its normal functioning.
This can slow down or even stop breathing.”

"Can I see him?" Kathy asked.

"Certainly," said the doctor. He led her down the hall and
through a door.

There was Tom, lying there propped up in bed. He looked a
little the worse for wear, but smiled brightly when he saw Kathy.
She rushed over and threw her arms around . him.

Tom looked up at her and said, "will you marry me?"
The doctor chuckled. "Tom may still be a-little confused...."”

Kathy hugged Tom a little more tightly. "He may be confused,
Doctor, but the answer is still yes."

Lo
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————twenty-five—hundred—years; —a—Greeknamed Thales observed that a

20-2 Attraction and Repulsion

What 1s the effect of electrical charges on one another?

Man's earliest studies of electricity were observations of the
attraction and repulsion between charged objects. As long agc us

piece of amber which had been rubbed would pick up pieces of straw.
The word electricity comes from the Greek word for amber, which is

"elektron."

The study of the attraction and repulsion between charged ob-
jects is called electrostatics, because it is the study of electric
charges which are not in motion. A systematic study of electro-
statics during the Middle Ages led to a set of observations which
we may make for ourselves in the laboratory. Let us list some ob-—-
servations that we may make by performing a series of experiments
on a pair of pith balls suspended near one another. (Pith balls are
small spheres of a light material.)

l. If we touch a glass rod to each of the pith balls in turn,
the balls have no effect on one another. :

2. TIf we rub the glass rod on a piece of silk and then touch
each ball in turn, the balls repel one another, as shown in Figure 1.

GlLAass ROD
/
9
-~— po——

PITH BALLS

FIGURE 1: Repulsion of pith balls.

3. If we touch a rubber rod to both balls, again no effect is
observed.

4. If we first rub the rubber rod on a piece of fur before
touching the pith balls, the balls repel one another, as they did
with the rubbed glass rod. (See Figure 2 on the following page.)

5. The first four experiments suggest that both rods have the
same effect on the pith balls. However, if we rub the rubber rod
and touch it to one ball and touch the rubbed glass rod to the other
ball, we find that the balls attract one another (see Figure 3, on

the following page).
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FIGURE 2: Repulsion of pith balls again.

GLASS ROD RUBBER RoD
"\
b,

PITH BALLS
FIGURE 3: Attraction of pith balls.

This fifth experiment shows that the effect of the rubber rod is op-
posite to that of the glass rod.

6. If the rubber rod is rubbed with fur, and the rod is then -
passed over the fur, the fur is attracted to the rod. Note that the
fur is behaV1ng like the pith ball which touched the rubbed glass
rod.

7. TIf thm glass rod is rubbed on silk and then passed over the
silk, the silk .s attracted to the rod. The behavior of the silk is
the same as the behavior of a pith ball which has touched a rubbed
rubber rod.

‘The attractions and repulsions observed in the experiments des-
cribed above are caused by electric forces. An object which can ex-
ert an electric force is said to possess electric charge. A rubbed

glass rod possesses one type of electric charge, and a rubbed rubber

rod possesses a second type of electric charge. Our experiments do
not preclude the possibility of a third type of charge. However, an
exhaustive examination of other materials would reveal none which
possess the properties of a third type of charge, and we may safely
state that only two types of electric charge exist.

Scientists of the 18th century hypothesized a model to explain
all the electric phenomena that they had observed. According to
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their model, there are two types of electric charge. Matter in its
normal state (the unrubbed glass rod, for example) possesses an
equal amount of each charge. When certain materials (su:h as the
glass rod and the silk) are rubbed together, an excess of one type
of charge is transferred to one material, and an excess of the sec-
ond type to the other material. Unlike charges attract and like

————charges repel.

Benjamin Franklin gave the names positive to the charge on the
glass rod and negative to the charge on the rubber rod. The choice
of which charge was positive and which was negative was arbitrary,
and was intended only to indicate that the effect of one cancels
the effect of the other. '

We may explain our observations in terms of the 18th-century
model. When the glass rod was rubbed with silk, the rod acqgired
an excess of positive charge and the silk an excess of negative
charge. When the pith balls were touched by the glass rod, some
of the excess positive charge passed from the rod to the balls. The
balls repelled one another because they possessed the same charge.

When the rubber rod was rubbed with fur, the rubber acquired
an excess of negative charge and the fur an excess of positive
charge. Touching the pith balls with the rubber rod transferred
some of the excess negative charge to the pith balls. They repelled
one another again because both possessed the same charge.

When one ball was touched with the glass rod and the other with
the rubber rod, the first ball acquired a positive charge and the
second ball a negative charge. Because the balls had opposite
charge, they attracted one another.

>
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PITH BALLS
FIGURE 4: Attraction of unlike charges

The glass rod attracted the silk because the glass had a posi-
tive charge and the silk a negative charge. The rubber rod attrac;ed
the fur because the rubber had a negative charge and the fur a posi-
tive charge.

Benjamin Franklin's interest in electricity also prompted him

to perform an experiment that made him famous. While most of the .
citizens of Philadelphia went inside to avoid a thunderstorm, Franklin
and his son went out to a nearby field with a kite. A pointed wire
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was attached to the vertical stick of the kite; a silk ribbon was
tied to the ground end of the cord and a house key fastened to the
silk.

Lightning had always been a mystery, more easily explained as
supernatural than as in the realm of science. But Franklin had a
~——————-notion—that-lightning-was--a—large-scale-version-of—the—spark—you-get——
by scuffing your feet on a carpet and touching a door handle, or the
sparks that could be obtained from some of the laboratory gadgets
being devised in Franklin's time.

the loose threads on the cord standing apart, like two charged pith
balls. Franklin then touched the key and felt a tingling in his arm:
the same tingling he had felt while studying electricity in his labora-
tory. Modern scientists agree that if lightning had struck the kite,
Franklin would probably not have survived to help found the United
States. But fortunately, lightning did not hit the kite while he

was performing this and other experiments, and he demonstrated that
lightning was no more supernatural than the spark from the door knob.

In fact, a spark between : ::loud and the ground, or between two
clouds, is due to much the same process as the spark between your
hand and a door knob. When you scuff your feet, charges are sepa-
rated, as they are when a rubber rod is rubbed with fur or a glass
rod with silk. Positive charge remains on the carpet, while your
body picks up an excess of negative charge.

The way in which electrical
charge builds up in a thundercloud
is less well understood. Apparently
the most important fact is the rub-
bing of air in updrafts against
raindrops. Whatever the cause, the
result is typically an accumulation
of positive charge at the top of
the cloud and negative charge at
the bottom, as shown in Figure 5.

Why does this accumulation of
cr.large result in a spark or a light- FIGURE 5: Charges in a cloud.
ning bolt? Before we can answer
this question we will have to intro-
duce the concepts of electrical current and voltage, and in Section
21 discuss the building blocks of matter.

20-3 Current and Voltage

wWhy does electricity flow?

We can think of many examples of electricity flowing. It flows
from the rubber rod to the pith balls; it flows from the generating
station through your toaster; if flows from a car's battery through
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the spark plugs; and it flowed from the sky through Tom into the
ground. We call the flow of electricity in any of these situations
electrical current.

Electrical current, the flow of electricity, is the movement
of electrical charges and the cause of electrical current is the
same—as—the—cause—of—charged—pith-balls-moving.—-Like—charges—repel——--
and unlike charges attract.

As you may know, current requires a path. Electricity does not
flow everywhere. It flows through some types of matter more easily
than others. For instance, metals are good conductors of electricity,
and therefore are used for wires. Air is a poor conductor of elec-
tricity, except in special situations, and is thus said to be an
insulator.

All that is required to make electricity flow through a wire is
an accumulation of positive charge at one end and negative charge at
the other end. The negative charges repel one another and are at-
tracted toward the positive charges. Likewise the positive charges
repel each other and are attracted to the negative charges.

Based on what was known 100 years ago, charge could flow in
either direction. Negative charge could flow toward the positive,
or positive charge toward the negative. But experiments performed
during the latter half of the 19th century provided evidence :that
eiectric charge is usually transported by extremely small, negatively

charged particles. These particles were named electrons. Electrons
repel one another and are attracted toward positive charges (see
Figure 6).

f
3

FIGURE 6: Current--a flow of electrons. : -

This flow of electrons is what we call electrical current.

Note the use of the words "flow" and "current," originally
used to describe the motion of water. Another word we will intro-
duce, voltage, is not used in connection with water flow, but we
will try to make the concept clear by comparing electricity to water.

Voltage is often misunderstood. One problem is that the worq
is frequently misused. Voltage does not flow through a wire, as 1s
often said. Rather, voltage is the driving force that causes current

to flow through a wire.

The role of voltage in causing electricity to flow may be
likened to the role of héight in causing water to flow. Electricity
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flows from a2 point of high voltage to a point of low voltage, just
as water flows from a high point to a low point (see Figure 7).

FLOW OF WATER
. FLOW OF ELECTRICITY

P —_— v

HIGH LOW
VOLTAGE VOLTAGE

»

FIGURE 7: A voltage difference compared with a height difference.

If two pools of water are at the same height, no water flows
between them. And if two points of an electric circuit are at the
same voltage, no current flows between them. In terms of individual
charges, if two ends of a wire contain the same numbers of positive
and negative charges, there is no reason for electrons to flow from
one end to the other. The two ends of the wire are at the same
voltage (see Figure 8).

@ NO  CURRENT

FIGURE. 8: WNo current flows when equal numbers of posi-
tive and negative charges are at each end.

Effort is required to lift an object against the attraction of
gravity. Effort is also required to remove a negative charge from
positive charges. The amount of effort is proportionai to the size
of the charge; twice as much charge requires twice as m:u:ch effort.

Voltage may be thought of as a measure of the effort required
to separate unlike charges. The voltage difference between two
points, then, measures this effort. Thus voltage difference is
greater when the quantity of charge is greater.

The flow of electricity may be said to be caused by a voltage
difference, and the amount of current in the wire is proportional to
the voltage difference.

Current is measured in units of amperes, and if the current in
a wire is one ampere when the voltage difference is six volts, the
current is two amperes when the voltage difference is 12 volts.

Metal wires are good conductors of electricity, so current
flows when there is even a small volta?e difference between the ends
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of a wire. But air is a poor conductor unless a large voltage dif-
ference exists. Lightning occurs when the voltage difference between
a cloud and the ground or between two clouds is so great that atoms
in the air are pulled into pieces.

20-4 Artificial Respiration

Why is mouth-to-mouth resuscitation the best form of artificial respiration
to apply in emergency situations?

Tom was very lucky, following his bout with the lightning bolt,
to have someone close at hand who knew how to perform mouth-to-mouth
resuscitation. Otherwise, he might very well have died of hypoxia.

Only a few decades ago, other techniques of artificial respira-
tion were used which were considerably less effective. One of these
older techniques involved applying a rhythmic pressure and release
to the victim's ribcage, either from the front or the back. Another
technlque added the step of raising the victim's arms during the

"release" part of the cycle.

Mouth-to-mouth resuscitation has several advantages over the
other two methods. It is the most effective method for getting air
into the victim's lungs, by immediately prov1d1ng pressure. It is
easy to do. The rescuer can sense thr: victim's response and time
his own efforts to the victim's respunse. If the victim has suf-
fered injury to his body, mouth-to-mouth resuscitation has the ad-
vantage of requiring a minimum of movement.

10 understand why the mouth-to-mouth method is most effective
at getting air into the victim's lungs, consider the graphs below.
Each graph shows the volume of air in the victim's lungs as a func-
tion of time. The dashed lines represent the volume of alr in the
lungs in their normal relaxed state.

500
ml

I LUWGS

METHOD Chest Mouth
Chest Pressure
to
Pressure Plus Mouth
‘ Armlift ou

FIGURE 9: A comparison of three methods
of artificial respiration.
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Chest pressure alone (or back pressure alone) only decreases
the volume of the lungs and forces air out. Lifting the victim's
arms expands his lungs somewhat, but not nearly as much as the pres-
sure created in mouth-to-mouth resuscitation does.

Hospitals have equipment which performs artificial respiration
mechanically., One kind of device is the tank respirator. The older

type of tank respirator, called the iron lung, is an airtight con=-
tainer which encloses the entire body except for the head. The
modern portable type encloses only the chest. Either type uses a
motor to reduce the pressure at regular intervals. The chest wall is
forced to expand in a way that resembles normal breathing.

The other kind of mechanical devic2 is the resuscitator. The re-
suscitator delivers air through a face mask. At regular intervals the
resuscitator. produces pulses of air, which increase the pressure in
the lungs. The resuscitator forces air into the lungs by creating a
pressure outside which is greater than atmospheric. This is in con-
trast to the tank respirator, which expands the chest wall. reducing
the pressure in the lungs to less than atmospheric. Both devices rely
on pressure outside the lungs being greater than pressure within the
lungs to cause air to move into the lungs.

What general statement can be made about the attraction and repulsion of
like and unlike charges?

What Jis the main difference between static electricity and current electricity?
When electrical current is flowing in a wire, what is actually flowing?

If no current is flowing in a wire, what can be said about the electrical
charges at the two ends of the wire?

In what way is a voltage difference Jike a height difference in a flow
of water?

Why has mouth-to-mouth resuscitation replaced other forms of artificial
respiration?

How does a respirator differ from a resuscitator?

Vocabulary:

current--the movement of electric charges, usually a flow of electrons.

electric charge--the property of being able to exert electric force,
—~ l.e., electrical attraction and repulsion.

electron--a negatively charged particle of matter.

electrostatics--the study of motionless electric charges.

respirator-~a device which aids breathing by applying a negative pres-
sure outside the chest at regular intervals.

1
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resuscitator (re-SUS-ih-TAY-tur)--a device which aids breathing by
forcing air into the lungs at regular intervals.

voltage--a measure of the dlfference in charge between two points.
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SECTION 21:

21-1 Chemistry and Biomedicine

Why study chemistry in a biomedical curriculum?

In-Section-}0-we—considered—a-lung--first—at the-visible level
and then at the microscopic or cellular level. But to understand
fully what a lung is and how it works, we must consider parts of the
lung that are too small to see even with the most powerful e€lectron
microscope. These small parts include water and gases and salt and
very complex chemicals, and we will find that each of these sub-
stances is composed of characteristic molecules. Our bodies consist
of a large number of different kinds of molecules, and the proper-

ties of molecules and ways in which they interact with one another
to form other kinds of molecules is the field of chemistry. One way
we can view our bodies is as a complex chemical machine.

Obviously, we can exist without a knowledge of chemistry. A
person breathes even though he knows nothing about the properties of
oxygen. But many of the medical advances of the past hundred years
that have made our lives healthier have been based on a knowledge of
chemistry. (And many of the problems of modern life, such as pollu-
tion, that threaten our health are also caused by a knowledge of
chemistry.)

Knowing the chemistry of oxygen has helped us understand how
oxygen is transported to the cells of our bodies and how it is used
there. Understanding the chemistry of foods has added to our knowl-
edge of nutrition. And out at the forefront of medical research,
many scientists are studying cancer from the point of view of chem-
istry, since the disease involves complex chemical changes within

the body.

But chemistry is useful not only on the frontiers of research,
but also in the day-to-day treatment of common ailments. Drugs are
chemicals, and not only manufacturing them but also preparing them
for a patient requires a knowledge of chemistry. Laboratory tests
for many types of disease involve chemistry. So chemistry is impor-
tant not only in understanding more about how our bodies work, but
also because of its practical use in medical professions.

21-2 Atoms and Ions

How are atoms organized?

Chemistry involves the properties and interactions of molecules,
but before we deal with these we must take one step further back and
consider the smaller entities of which molecules are composed.

In the preceding section we discussed electrical current and
mentioned that the current with which we deal is commonly the flow
of small, negatively-charged particles called electrons. Evidence
for electrons was first found in the 19th century. By 1900 it was

-
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known that all electrons, no matter where they come from, are iden-
tical; each has the same mass and the same alectrical charge.

In 1803, the Eng¢lish scientist, John Dalton, had proposed that
matter was composed of small, indivisible particles that he called
atoms. As time passed, however, evidence accumulated that atoms
were_not-indivisible.—-~In-1911ly—a-British—scientist—named-Ernest——— -
Rutherford performed a series of experiments which led him to pro-
‘pose that an atom is composed of a positively charged nucleus, sur-
rounded by the smaller, negatively charged electrons. Rutherford
proposed a model to describe what he knew about atoms.

Unlike the bell-jar model of the lung, which is a real object
with working parts, Rutherford's model was a verbal description of
what he believed to be the structure of the atom. In Rutherford's

——-—--model; - the-electrons overcome the attraction of thé oppositely
-charged nucleus by orbiting rapidly about the nucleus in much the
same way that planets move around the sun. Ruthkerford's experiments
showed that the diameter of a nucleus is only about one ten-thou-
sandth the diameter of an atom.

A number of years later the nucleus was found to be composed
of two kinds of particles. One is the proton which has a mass about
1836 times the mass of the electron and a positive charge equal in
magnitude to the negative charge of the electron. The other kind
of particle in the nucleus is the neutron which has a mass almost
equal to the mass of a proton but has no electrical charge (see

Figure 1).
e
<:> nucleus

.o
PR -

~ ’,

Sn e P = proton
n = neutron
e = electron

FIGURE 1: Rutherford’s model of the atom (not to scale).

A neutral atom is one which has no net electric charge. Since
the positive charge of a proton is equal in magnitude to the negative
charge of an electron, a neutral atom has an equal number of protons
and electrons. For example, the atom depicted in Figure 1 has three
protons and three electrons, so that the net electrical charge is

zZero.

Atoms both within the body and without are often in a state %n
which they have lost or gained one or more electrons. An atom which

iy
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has gained an electron has a net negative charge, while an atom which
has lost an electron has a net positive charge. A charged atom is
called an ion (see Figure 2). Much of the substance of our blood,
muscles and bones exists as ions.

- "a-—~~
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(1)

A negatively charged helium ion A positively charged helium ion
(two protons, three elactrons). (two protons, one electron).

FIGURE 2: rons.

Electrons are the only particles to enter or leave an atom,
except in the event of a nuclear reaction. When Yyou scuff your feet
on a carpet, electrons and negative ions are transferred from the
carpet to your body. The rasult is that the carpet contains a cer-
tain number of excess positive ions while you have an equal number
of excess negative ions.

Ions may also be formed by other means. Bombardment by radia-
tion, such as X-rays, can displace electrons from atoms, thus creat-
ing ions. Ionization by X-rays can cause harmful changes in the body.
This is why X-ray technicians generally wear protective lead aprons
and why patients are given minimal exposure to X-rays. A high volt-
age, that is, a large concentration of electrical charge, can cause
ion formation (see Figure 3).
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FIGURE 3: Formation of ions.
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Air can be ionized if a sufficiently large voltage exists. If
a large enough voltage occurs between a cloud and the ground, or be-
tween two clouds, the air between is ionized, and the process is
seen as a lightning flash.

Electrons, being negatively charged, are attracted to a concen-

~tration-of-positive-charge;—~while—~a~positively charged nucleus ig "~~~

drawn toward a concentration of negative charye. And, as we will
soon see, some kinds of atoms have the ability to attract electrons
away from other kinds of atoms, resultingiin the formation of posi-
tive and negative ions. %,

Many ions are present in the fluids of our bodies. For example,
the quantity of one type of ion in the blood (the hydrogen ion) is
important to respiration, because it is a factor in controlling the
breathing rate, and certain ions have a role in drowning; we will
consider these topics soon. Also, ions are involved in the trans-
mission of nerve impulses, such as those to the respiratory center
of the brain.

21-3 Elements

Different types of atoms contain different .numbers of protons,
neutrons and electrons. Many types of atoms are important to life.
An atom which contains one proton is a hydrogen atom. An atom with
Six protons is a carbon atom, and an atom with eight protons is an
oxygen atom. Hydrogen, carbon and oxygen are said to be elements.

An element is a substance in which every atom has the same number
of protons. Aluminum and iron are elements. Water is not an element
because it is composed of hydrogen atoms and oxygen atoms.

The number of protons in the nucleus is called the atomic num-
ber of an atom. Atomic number distinguishes the atoms of one ele-
ment from the atoms of another element. All carbon atoms have an
atomic number of six; every oxygen atom has an atomic number of
eight. Since in a neutral atom the number of protons is equal to
the number of electrons, the atomic number is also equal to the num-
ber of electrons in a neutral atom.

The number of protons and electrons determines the main proper-
ties of an element; the number of neutrons makes only a very slight

difference. Carbon atoms exist with six, seven or eight neutrons
(all carbon atoms have six protons and electrons), but the behgvior
of the three forms of carbon is almost identical. (Each form is

called an isotope of carbon, an important concept, but one that we
will not treat at this time.)

The importance of mass was emphasized in Section 2. When work-
ing with chemicals in the laboratory, we often need to know the mass
of one substance that will interact chemically with a certain mass
of another substance. To deal with this sort of problem, we need
to know the masses of the kinds of atoms involved.

Atoms are so small that if their masses were given in grams,
the numbers would be awkward to work with. Therefore, another unit
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of mass is used, called the atomic mass unit. This unit is arbi-
trarily based on the mass of a carbon atom with six protons, six
neutrons and six electrons being 12 atomic mass units, or 12 amu.

Most elements naturally occur as a mixture of isotopes, and
chemists and blOlOngtS are usually interested in the average mass
of the atoms in thlS mixture. This average is properly called the

TTTTTTTatomicTmass of dn élément, but more commonly known as the atomic

weight.
1.008

For example, the average mass of hydrogen atoms is about N3
times that of a carbon atom with six neutrons. Thus the atomic
weight of hydrogen is 1.008 amu. The atomic weight of carbon is
approximately 12.01 amu (since the other isotopes must be taken into
account), that of nitrogen about 14.01 amu, and oxygen has an atomic
weight of about 16.00 amu.

Our bodies are composed of a large number of elements. Figure
4 shows the 12 elements that are most abundant in our bodies, al-
though small amounts of many others are essential to health.

70-kg .003 kg iron
(154-1b) : . 035 kg magnesium

man .
.10 kg chlorine

.10 kg sodium
.16 kg sulfur
.25 kg potassium

.7 kg phosphorus

1.46 kg calcium

2.1 kg nitrogen

7.0 kg hydrogen

12.6 kg carbon

45.5 kg oxygen
—_N

{ £ 1

/ Balance \

FIGURE 4: Major elements of the human body.

Each element has a different role in our bodies. Carbon, oxy-
gen, hvydrogen, nitrogen and, to a lesser extent, sulfur and phosphorus
make up our tissues. Calcium and phosphorus are found in our bones.
Sodium, potassium and chlorine exist as ions in the fluids of our
bodies. 1Iron is a component of a very important substance which is
responsible for transporting oxygen through our bloodstreams.

The elements are listed in the order of their atomic numbers in
a chart called the periodic table. Each element has a standard sym-
bol, which is used throughout the scientific world. Many symbols,
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such as H for hydrogen or C for carbon, seem to be avpropriate; but
others, such as Na for sodium and Fe for iron are not as obvious.
This is because they are based on the Latin words for these elements.
The periodic table gives other information on each element, such as
its atomic weight. .

We may immediately note a few features of the periodic table.
One is that the elements that exist as gases at room temperature,
such as hydrogen, helium, nitrogen and oxygen, tend to be in the
upper right-hand corner of the table. The "heavier" (actually
denser) elements, for example lead and gold, tend to be toward the
bottom, where the atomic weights are greater. ’ ' :

Elements are arranged as they are in columns (above and beneath
one another) because elements in the same column tend to behave chem-
ically in a similar way. Thus, the chemical properties of sodium (11)
and potassium (19) are similar, as are those of fluorine (9) and
chlorine (17). This important principle makes the study and applica=-
tion of chemistry easier, as you will soon sse.

Note that of the 12 most abundant elements in our bodies, all
but iron have atomic numbers of 20 or less. For this reason we will
generally restrict our discussion to the upper part of the periodic
table.

21-4 Electron Orbitals

A model is useful only if facts can be explained in terms of
the model. Rutherford's model was useful in many ways, but it could
not explain why sodium and potassium, or fluorine and chlorine, or
other elements in the same column of the periodic table have similar

chemical properties.

In 1913, the Danish scientist, Niels Bohr, proposed an improve-
ment on Rutherford's model. Within the next few years other scien-
tists in turn improved Bohr's model to the form that we now find
useful for explaiping the chemical behavior of substances.

The spaczes which electrons
occupy or travel in are called
orbitals. These orbitals are
not the simple patterns of plan-
etary orbits, but it is conve-

nient for us to liken the ar- e orbitals
rangement of an atom to the so- AT
lar system, the sun as nucleus S’
and the planets as orbiting : C)/
electrons (see Figure 5). ;:
\

The Bohr model is rela- \‘\
tively easy to visualize and - AN
helps explain many aspects of NI
atomic structure that will be
useful to know. FIGURE 5: Bohr model of atom.
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Electron orbitals occur in
groups called shells. The first
shell (in the Bohr model the first
shell is the closest to the nucle-
us) contains two orbitals. The
second shell contains eight orbit-
als; the third shell, 18 and the
fourth shell, 32. Each orbital
may contain only one electron.
Thus, the first shell may have at
most two electrons; the second
shell, eight electrons; the third
shell, 18 electrons.

Let us choose several ele-
ments from the periodic table and
see which shells are occupied by
electrons.

A hydrogen atom has one pro-
ton and one electron. This elec-
tron is in an orbital in the first
shell (see Figure 6).

The atomic number of helium
is two. Both electrons are in the
first shell (see Figure 7).

Lithium is the element whose
atomic number is three. Two elec-
trons are in the first shell; the
third electron is in the second
shell (see Figure 8).

Next is beryllium, with an
atomic number of four. Two elec-
trons are in the first shell, two
in the second shell (see Figure 9).

You are probably beginning to
see a pmattern. Electrons go into
the first shell while there are
available orbitals, then the sec-
ond shell until the second shell
is filled. You may suppose that
electrons then fill the third
shell, and you are correct, but
only up to a point. But before
identifying that point, we will
list the electron arrangements
of the elements with atomic num-
bers up to 18. (See the table
on the next page.)
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FIGURE 7: Helium atom.

- -7
~ -
\~ ’,

FIGURE 8: Lithium atom.
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FIGURE 9: Beryllium atom.

The element with an atomic number of 19 is potassium. Eigh-

teen electrons occupy the same orbitals as the electrons of argon.
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However, the other electron is not in the third shell, which has 18
orbitals, but in the fourth shell. Similarly, calcium, with an atom-
ic number of 20, has two electrons in the first shell, eight in the
second shell, eight in the third and two in the fourth.

Sszgiﬁ Element Symbol Number of Electrons
1st Shell 2nd Shell 3rd Shell

1 hydrogen H 1

2 helium He 2

3 lithium Li 2 1

4 beryllium Be 2 2

5 boron B 2 3

6 carbon C 2 4

7 nitrogen N 2 5

8 oxygen 0 2 6

9 fluorine F 2 7
10 neon Ne 2 8
11 sodium Na 2 8 1
12 magnesium Mg' 2 8 2
13 aluminum Al R 2 8 3
14 silicon Si 2 8 ' 4
15 phosphorus P 2 8 5
16 sulfur 2 8 6
17 chlorine Cl 2 8 7
18 argon Ar 2 8 8

The rules concerning which shells are occupied by electrons be-
come more complex as atomic number increases. However, we need not
consider ‘“hese rules here, because our chief concern is with those
concepts of chemistry that will help to explain the chemical pro-
cesses of our bodies. Recall that 11 of the 12 most abundant ele-
ments in our bodies have atomic numbers of 20 or less. So we will
focus our attention on the elements with atomic numbers up to 20.
This will make it easier for you to understand the principles most
important to life.

One other aspect of our atomic model is directly important in
our study of chemistry. Atoms tend to gain or lose electrons so
as to have full or empty shells, or other special arrangements, such
as eight electrons in the third shell. For our purposes in consid-
ering atomic numbers up to 20, this means that atoms tend to gain or
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lose electrons so as to have either zero electrons, two electrons (in
the first shell), ten electrons (two in the first shell, eight in the
second) or 18 electrons (two in the first shell, eight in the second,
eight in the third).

It is important that you know of the tendency of atoms to attain
arrangements of 0, 2, 8 or 18 electrons. This tendency is the topic

of the next sections.

Vocabulary:

atcm--a unit of matter composed of a nucleus of protons and.neutrons
surrounded by electrons.

7

atomic mass unit--a unit used to express the mass of aa atom, based
on the mass of a carbon atom with six neutrons being 12 amu.

atomic number--t+he number of protons in an atom.

atomic weight--the average mass of atoms of an element in atomic
mass units.

chemistry--the study of the structure and propertiés of substances
and how substances interact.

element--a substance in which every atom has the same number of
protons.

ion (EYE-ahn)--an electrically charged atom.

isotopes (ICE-uh-topes)--forms of the same element which differ from
one another in the number of neutrons.

neutron--an electrically neutral particle located in the nucleus of
the atom.

periodic table--an arrangement of elements by order of atomic number
in which elements in the same column have similar chemical
properties.

proton--a positively charged particle located in the nucleus of the
atom. The charge on a proton is equal in magnitude, but oppo-

site to the charge on an electron.

shells--certain groups of orbftals.




PROBLEM SET 21:

The following table gives the numbers of protons, neutrons and
electrons in each of seven atoms,

Protons Neutrons Electrons 23;2;: Element Symbol
A 6 6 6
B 6 8 6
c 7 7 7
D 8 8 8 ‘
E 8 8 10
F 10 10 10
G 11 12 10

1. Complete the table by giving the atomic number of each atom,

the name of each element and its symbol.

2. Identify a pair of isotopes of the same element among

seven atoms.

3. Identify a positive ion.

4. Identify a negative ion.

5. Which of these atoms,

if any,

What is its electric charge?

What is its electric charge?

127

has a full outer shell?

(Use a periodic table.)
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SECTION 22:

22-1 Ionic Bonding

How do ions combine to form ionic compounds?

We concluded the previous section by stating that atoms tend to
gain or lose electrons so as to have 0, 2, 10 or 18 electrons sur-
rounding the nucleus. It will soon be shown that electrons may trans-
fer from one atom to another or be shared between atoms. Either pro-
cess involves a chemical change. In both situations the nature of
the change depends largely on the number of electrons held by the
different atoms.

Turn your attention to the 2
periodic table and the elements He
in the far-right column (see
Figure 1). 10

] ) Ne

Helium (He) has an atomic
number of 2; thus a neutral he- 18
lium atom has two protons and Ar
two electrons. The atomic num-
ber of neon (Ne) is 10, and that 36
of argon (Ar) is 18. The atomic Kr
numbers of these elements are '
the numbers of electrons that : 54
provide an arrangement, or Xe
configuration that is highly
stable (resistant to change). 86

The elements in the far- Rn
right column of the table are . £
called the noble gases; they FIGURE 1: iziuggrgﬁ:t:ble.

are too "noble" to get involved

with other elements and have

very little tendency to parti-~

cipate in chemical interactions. In fact, until quite recently no
interactions had been observed involving these elements. Note the
similarity in the electron configurations of the noble gases. Hellum
has a complete first shell. Neon has a complete second shell. Argon
has 18 electrons, eight of which are in the third shell, which we
stated to be a stable configuration. If a periodic table is avail- .
able, you need not remember that the numbers 2, 10 and 18 represent
stable electron configurations; you can find these numbers by refer=
ring to the atomic numbers of the noble gases.

We may restate the general rule by saying that atoms tend to
gain or lose electrons, or share electrons, in such a way as to
achieve the electron configuration of one of the elements in the far-

right column of the periodic table.

Consider sodium (Na), which has two electrons.in the first.shell,
eight in the second and one in the third. Theoretically, a sodium
atom could attain the configuration of argon by gaining seven
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electrons, but this does not occur. There are two competing ten-
dencies: the tendency of atoms to have the stable electron config-
urations of noble gases, and the attraction and repulsion of electric
charges. If sodium were to gain seven electrons, the 18 electrons
would repel each other, and the attraction of only 11 protons in the
nucleus could not overcome this repulsion. Instead, sodium typically
attains the configuration of neon by losing one electron.

Chlorine (Cl), on the other hand, has two electrons in the first
shell, eight in the second but only seven in the third shell. If a
chlorine atom acquires one more electron, its configuration becomes
that of argon. Chlorine thus tends to gain an electron, while sodium
tends to lose an electron. '

When a sodium atom loses an electron, it has 11 protons and 10
electrons. It therefore has a net charge of +1 and is a p051t1ve1y
charge sodium ion. A sodium ion is represented by the symbol Na*t
A Nat ion has filled first and second shells--the configuration of
a stable neon atom.

One hears a lot about sodium in medicine. Sodium ions are the
most common positive ions in the fluids, such as blood, outside the
cells of our bodies. The amount of sodium in the blood is sometimes
measured as part of a clinical analysis. Excess Na' may indicate
several problems—-a disease of the adrenal glands, severe dehydra-
tion, brain injury or diabetic coma. Too little sodium can indicate

kidney disease.

A chlorine atom gains an electron to become a chloride ion.
(Negatively charged ions of elements typically end in "-ide." Thus
we have oxide, fluoride, sulfide and bromide ions.) A chloride ion
has 17 protons and 18 electrons. 1Its net charge is thus -1, and it
is represented by the formula C1-.

Cl- ions, like Na't ions, are also present in large quantities
in our blood; and analysis of the amount of chloride is also used
to diagnose disease. High blood chloride may be a symptom of kidney
disease and dehydration, while low blood chloride may indicate loss
of that ion from vomiting or diarrhea or as a result of taking a
diuretic (a medicine that increases urine production).

Sodium and chloride ions are thus both important chemicals in
our bodies, but how do they get there?

A sodium atom may give one electron to a chlorine atom. The
sodium atom becomes a positively charged sodium ion, and the chlorine
atom becomes a negatively charged chloride ion.

Na + Cl1 ~» Na+ + C1°

The sodium and chloride ions are held together. What holds the
ions together is the electrostatic attraction between the p051t1ve1y
charged sodium ion and the negatively charged chloride ion. Two ions
held together by electrostatic attracticn are said to form an 1on1c

bond.
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‘When bonds exist between different elements, we say they have
formed a compound. The compound formed by sodium and chlorine is
called sodium chloride and is represented by the formula NaCl. So-
dium chloride is the chemical name of table salt.

Table salt is an important source of sodium and chloride ions
in our bodies. We will discuss shortly how NaCl separates into Na¥
and Cl~, but the need for these ions in our bodies indicates that
salt has more uses to us than making some foods taste better.

Our bodies also require magnesium, which is present in bones,
muscles and red blood cells.

The element magnesium has an atomic number of 12. Ten electrons
are in the two inner shells; two electrons are in the outer shell. A
magnesium atom becomes an ion by giving up two electrons (rather :-han
by gaining six electrons). The loss of two electrons gives a magne-
sium ion the configuration of the noble gas neon. It also gives “he
ion a charge of +2. The symbol for the magnesium ion is Mg * or Ag*z.

A magnesium atom may give its outer electrons to two chlorine
atoms.

Mg + 2 C1 » Mg*tt + 2 c1™

The ionic compound thus formed is called magnesium chloride. We
may represent this compound by the formula MgCl,;, which indicates
one magnesium atom and two chlorine atoms.

Magnesium is an important industrial metal. The main source of
it is sea water. One step in the process of recovering magnesium
from the sea involves converting Mg*t ions to MgCl,, from which mag-
nesium metal is then obtaired.

22-2 ‘Electron—-Dot Formulas

“The electron configuration of atoms may be conveniently shown
by electron-dot formulas. Dots representing the electrons in the
outermost shell of the atom are drawn around the symbol of the ele-
ment. (Electrons in the inner shells do not take part in the type
of chemical interactions we will be considering, so they are not
shown.)

Thus hydrogen is represented as

H-
and helium as

He.

Weon has two electrons in the first shell and a complete sec-
ond shell of eight electrons. The two inner electrons are not
shown, so neon is represented as

'oo ‘l()l{’
.Ne:




We have seen that a sodium atom has 11 electrons: two in the
first shell, eight in the second shell and one in the third shell.
Only the electron in the third shell is represented in the electron-
dot notation.

Na *

Chlorine has two electrons in the first shell, eight in the
second and seven in the third; the ten in the innel shells are not
represented. '

tcl’

(It does not matter where the dots are drawn. Electron-dot formulas
make no attempt to show the positions of electrons, which are in con-
stant motion. For example, sodium's one outer electron may be placed
above, below, left or right. But it pays to be neat; snowstorms of
dots are difficult to interpret. And the formulas are usually easier
to read with no more than two dots on each side.)

Electron-dot formulas may also represent ions. Thus the sodium
ion, which has lost the only electron it had in its outer shell, is
represented as

[ve]*

with no dots shown. A chloride ion, with one more electron than a
chlorine atom, is shown as i
[:c1:]'

Notice that the electron-dot formulas for ions are enclosed in brack-
ets, with the net charge outside the brackets.

The ionic compound NaCl may be represented as
[va]* [:61]"

The electron-dot formula indicates that éach ion has completely
filled or empty outer shells.

A magnesium atom has two electrons in its outer shell, but it
may give them to two chlorine atoms. A magnesium ion and the two
chloride ions are formed. '

ot + g (3] [ns] VR

22-3 The Periodic Table

why is the periodic table arranged as it is?
Sodium is .i'~ most abundant ion in the fluids of the body out-

side the cells, but the counterpart of sodium within cells is potas-
sium. A pot. ;ium atom has a total of 18 electrons in its three

1. 123



el s TR e it RS B2 e o i

inner shells and one in its outer shell; compare its electron-dot
formula to that of sodium. .

Na* K-

How would you expect potassium to attain a stable configuration?
Why, in the same way sodium does~-by losing an electron. Sodium loses
an electron and has the configuration of the noble gas neon; potassium
loses an electron and has the configuration of argon. As a result,
the chemical behavior of sodium and potassium are similar.

Note that sodium and potassium are both in the left-hand column
of the periodic table. Ovserve this entire column (see Figure 2).

1 -7 |2
H /_,"/ He
3 _~-=-" 110 2
Li _-" Ne He
11 - 18 9 10
Na - Ar F Ne
19 =" |36 17 18
K - Kr C1l Ar
37 _ =" |sa 35 36
Rb -7 Xe Br Kr
55 _-—" |86 53 54
Cs - Rn I Xe
87 _ - 85 86
Fr - At Rn
FIGURE 2: Columns IA and VIIIA FIGURE 3: Columns VIIA and VIIIA

of the periodic table. of the periodic table.

Note that each element in the first column (with the exception
of hydrogen) has one more electron than a noble gas. Thus each tends
to form ions by losing one electron.

Now consider chlorine and the other elements in the second row
from the right in the periodic table (see Figure 3).

Each of these elements lacks one electron of having a noble
gas configuration.




Each may attain a stable configuration by gaining an electron and

Fr facd”

We are now in a position to appreciate the periodic table. As
atomic number increases, the arrangement of outer electrons repeats
itself in a periodic fashion. Because similar electron cuniigura~
tions recur periodically, similar chemical properties also recur
periodically. This recurrence is reflected in the periodic table by
the appearance of chemically similar elements in the same column.

"forming a negatively charged ion.

GRS A 5

About one hundred years ago, the study of chemistry involved the
cataloging of the chemical properties of a large number of elements
and compounds. Of the more than 60 different elements known at the
time, it was recognized that certain of them had similar properties;
but no one had been able to propose a scheme for their organization
that was consistent with what was known about them.

Finally in 1869 the Russian scientist Dimitri Mendeleev pro-
posed just such a scheme. In order to do so, he had to make two
assumptions. One was that atomic weight was less important than
chemical properties in determining how the elements should be or-
ganized. For example, he placed iodine after tellurium, even though
the atomic weight of iodine is less than that of tellurium. By in-
terchanging these two elements, he could show each of them in a col-
umn containing elements with similar properties. »

Mendeleev's second assumption was that there were elements that
had not yet been discovered, which enabled him to leave blanks in
his table. 1In the case of six such blanks, he used his table to pre-~
dict the properties of undiscovered elements. Eventually all six
were found to have properties that agreed closely with the predic-
tions; three of them were found within Mendeleev's lifetime.

It may not be obvious, but Mendeleev's table of the elements is
one kind of model. Unlike the bell-jar model of the lungs or the
Bohr model of the atom, the periodic table is not a model of real
concrete objects, or even of a process. Instead it is a description
of the relationships of all the elements to one another.

Keep in mind that electrons, protons and neutrons were unknown
in Mendeleev's day. His model said nothing about the structure of
atoms or why the different elements have the properties they do.
Yet his model had one characteristic of great importance. It en-
abled him to make predictions--predictions that were subject to
confirmation or denial. 1In Mendeleev's case the predictions were
confirmed, and his model has withstood the test of time.

The periodic table has perhaps been the greatest step toward
making possible a systematic and logical study of chemistry. If we
know the chemical behavior of one element, we may predict the be-
havior of other elements, without being required to perform

13>
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-experiments. By knowing the behavior of chlorine, we also know ap-
proximately the behavior of fluorine, bromine and iodine.

By knowing that sodium and chlorine form an ionic compound, and
by using the periodic table, we may predict that potassium and chlo-
rine form potassium chloride (KCl).

[ [
And since fluorine and chlorine are in the same column of the peri-

odic table, we would expect that sodium and fluorine form sodium
fluoride (NaF). )

You may be aware that fluoride ions have a role in preventing tooth
decay: drinking water is sometimes fluoridated with sodium fluoride.

22-4 Tons in Solution

What happens to sodium chloride in water?

We mentioned the fact that a positive and negative ion are held
together by electrostatic attraction, and called this attraction an
ionic bond. In a real situation, a large number of ions are present,
and every positive ion attracts every negative ion. The result is
typically a crystalline solid with each positive ion surrounded by
several negative ions, and each negative ion by several positive ions.
Table salt, sodium-chloride, is an example. Positive sodium ions are
surrounded by negative chloride ions, and chloride ions by sodium
ions (see Figure 4).

—Na=—

T /C

—cl —

FIGURE 4: The structure of a sodium chloride crystal.

If you look closely at a grain of table salt, you can see the
cubic shape of the crystal. '
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However, it is not ionic solids that concern us so much as the
dissolved salts present in body fluids. So let us define a few
terms relating to solutions. .

When sand is dropped into water, the grains sink to the bottom.
The grains are visible and retain their identity. When a small
amount of salt is dropped into water, however, the salt disappears.
If any grains of salt do reach the bottom, they disappear upon stir-
ring. The salt has dissolved in the water.

When a substance dissolves in another substance, we have a
solution. Salt dissolved in water is a solution. The substance
which dissolves, such as salt, is called the solute. The substance
in which the solute dissolves is the solvent. Water is the solvent
in our example (see Figure 5). Root beer is a solution of sugars
and other compounds (solutes) dissolved in water.

‘©\/
SOLVENT SoLuTtion
P _

~ | ~_

FIGURE 5: The components of a solution.

Various properties of ions in solution will concern us in our
study of the human body. But at present we will mention just one
characteristic. When an ionic compound dissolves in water, usually
the ionic bonds are broken. In other words, the attraction between
the ions is lost. When sodium chloride is placed in water, the
water is able to separate the sodium ions from the chloride ions.
The solid structure is destroyed, and the positive and negative ions
exist in solution more or less independently of one another. So the
salt we eat dissolves in body fluids and we are able to use the so-
dium and chloride ions.

What are the elements in the far-right column of the periodic table called?
How likely are they to gain or lose electrons?

Does sodium tend to gain or lose electrons? How many? Which other elements
have this same tendency?

LN ]

What elements have the electron-dot formula ZElqmgnt. ?
i35
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Lemonade is a solution containing solutes di55°lVQd jn @ S0y . What ;g
the solvent? Can you name any of the solutes?

Vocabulary:

compound--a substance composed of two or mo* e gjifferent gjeMents
joined by chemical bonds.

dissolve~-to go into solution; for example/ by Separating into ipgi-
vidual ions. '

electron configuration--the arrangement Of elthronS in Varipus shells.

ionic bond (eye-AHN-ik)--a bond formed py /¢ N1eCctrOStaric attraetion
between a positive ion and negative jor*

solute (SAHL-yewt)=--a substance that digsglVes in anOthey substance,

solution--a mixture of substances in which 9Re (oF morey) 4s dissgjved
in the other.

solvent (SAHL-vunt)--a substance that dissolve& another substanee,

PROBLEM SET 22:

1. Write the electron-dot formulas of the follgwing elepments:  You
may use the periodic table.

Carbon (C) Sulfur (S) Magnesium (Mg
Oxygen (O) Chlerine (Cl) calQium (Ca)
Phosphorus (P) Argon (Ar) ?Otissium (K)

a.: Which tend not to react?

b. Which tend to gain one electron?
c. Which tend to lose one electron?
d. Which tend to lose two electrons?

e. Which pairs would you expect to hav? Sipjlar Chgpjcal
properties?

2. Write the electron-dot formulas of the follgwing iong,

Potassium (K+) Bromide (Bb\)
Calcium (ca*t) oxige (¢ )

3. You know that magnesium and chlorine fof? Yhe ionic compound
MgClz. Use this information and the period”* taple to predlct
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which of the following are correct formulas for other ionic compounds.

MgCl Ca2C1 MgBr2

CaCl2 CaF2 BaF3

Draw electron~dot formulas for the compounds that you predict to
exist.

4. Which compound in each group of three would you expect to exist?

a. Cao CaHe CaNe
b. NaoO NaO2 L120
c. AlCl AlCl2 AlCl3

5. Tincture of iodine, which is used as an antiseptic.on minor cuts,
Ooften contains sodium iodide. Write the correct electron-dot formula
for sodium iodide.

6. Potassium bromide was once used to cure sleeplessness. Write its
electron-dot formula.

7. Magnesium oxide may be used for various stomach disorders, such
as excess acid accompanied by constipation. Write the electron-dot
formula for magnesium oxide.

8. Mixtures of helium and oxygen are sometimes given to patients who
are suffering from a disease that causes shortness of breath. Would

you expect helium to cause undesirable chemical reactions in the
body? wWhy or why not?

SECTION 23:

23-1 Covalent Bonding

What type of bond joins the atoms in a water molecule?

We have seen that a sodium atom tends to lose an electron to
become a sodium ion; a chlorine atom tends to gain an electron to
become a chloride ion. Sodium and chloride ions are held together
in sodium chloride by electrostatic attraction; in our bodies they
exist as independent ions dissolived in the body's fluids.

However, the majority of substances that are important to life
do not exist as ions. The atoms in water, Oxygen and carbon dioxide,
for example, are joined by a different type of bond. This type of
bond also enables atoms to attain the electron configuration of a
noble gas, but electrons are not lost or gained. Rather, elec;rons
are shared between two atoms. A bond formed by two atoms sharing
electrons is called a covalent bond. e s
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As an example to illustrate covalent bonding, consider hydrogen.
A hydrogen atom has one electron. A hydrogen atom may achieve sta-
bility by sharing its electron with another atom. Two hydrogen atoms
share their electrons to form a stable hydrogen molecule (see
Figure 1).

He + H- + (491 H;

~ o’ N

FIGURE 1l: The formation of a hydrogen mole-
cule from two hydrogen atoms.

Since the electrons are shared, they are in the first shell of
each hydrogen atom. Two electrons in the first shell is the config-
uration of the noble gas helium; consequently two hydrogen atoms make
a stable hydrogen molecule.

Let us consider the term "stable.™ A book lying on a desk is
stable; it remains on the desk until someone picks it up or knocks
it onto the floor. By contrast, try to stand a book on one of its
corners, and you have an unstable situation. Let go of the book and
it immediately falls over. A hydrogen molecule is stable in the same
sense as a book lying flat. Unless acted upon from outside, it will
continue to exist as hydrogen atoms bound together. However, as you
will find out, hydrogen can interact (violently, in fact) with
oxygen.

Hydrogen gas is extremely ligk% and at one time was used in
lighter—-than-air balloons. However, it is extremely flammable; so
it has been replaced by helium which, although not gquite as light,
has the advantage of being non-flammable.

A famous hydrogen balloon was built in Germany in the 1930's
to carry passengers across the Atlantic Ocean. It was named the
Hindenburg and measured 803 feet in length. On May 6, 1937, the
Hindenburg was landing in New Jersey with 105 persons aboard when
it suddenly caught fire. Thirty-six lives were lost.

A hydrogen molecule can be represented by the electrcn-dot
formula ‘

H:H
Electron-dot notation is especially helpful in the study of covalent
bonding, because it enables us to see that every atom in a molecule

has a stable electron configuration. This technigue is very usefgl
in studying the structures of the substances that make up our bodies.

It may be useful to contrast the formation of an ionic bond with
that of a covalent bond. Sodium gives an electron to chlorine and
the ions are attracted because they have opposite .electric charges.

No electrons are shared.
N M
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A hydrogen atom, on the other hand, does not give its electron
to another hydrogen atom. Rather, each hydrogen atom donates an
electron to a covalent bond.

H. +°H -+ HH

A hydrogen atom has a stable configuration when it has two elec-
trons, the same number of electrons as the noble gas helium. Other
elements we will be concerned with have stable configurations when
they have eight electrons in their outer shells. Eight electrons in
an outer shell are represented by an element's symbol surrounded by
eight dots; in this way an electron-dot formula makes it easier to
recognize a stable configuration.

The atomic number of chlorine is 17. Two of the electrons are
in the first shell, eight in the second shell and seven are in the
outer shell. Remember that we can ignore the electrons in the first
two shells. The electron-dot formula of chlorine is thus

A chlorine atom is surrounded by seven dots; eight dots indi-
cate a stable configuration as in the noble gas argon. Two chlorine
atoms may combine to form a molecule of chlorine gas. Each chlorine
atom shares one of its electrons with the other chlorine atom.

'C::i

-O-
0}—“

¢l + 01 +

Each chlorine atom in the electron-dot formula is then surrounded by
eight dots, which represents a stable configuration. The two elec-
trons that form the covalent bond are shown between the two atoms and
are counted as part of the electrons surrounding each atom.

Chlorine molecules exist as a greenish gas that is extremely ir-
ritative to the nasal passages. Chlorine is used to treat drinking
water and swimming pools.

A chlorine atom may also share an electron withéahydrggen atom.
The result of this sharing is a molecule of hydrogen chloride gas.

H. + :Cl. »:H:C1:

The outer shell of the chlorine atom in hydrogen chloride has eight
electrons, the hydrogen atom has “wo electrons and both have the
same number of electrons as noble gases.

The situation with hydrogen chloride is more complicated than
that with hydrogen or chlorine because atoms of two different ele-

ments are involved. If you are very alert, you may wonder why hydro-
gen and chlorine do not form an ionic compound, which would be repre-

sented as
i ]
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The fact is that to a certain extent hydrogen chloride is ionic.
Nature is seldom as simple as we would like it to be, and classifying
bonds as either ionic or covalent makes things a bit too simple. 1In
some cases, the bond is partly covalent and partly ionic. Hydrogen
chloride exists as a covalent molecule when it is a gas, but when it
dissolves in water, it separates into Ht and Cl1~ ions. Hydrogen
chloride dissolved--in-our-stomach -juices has an important role in
digesting food.

But you are not expected to be able to predict whether a bond
is ionic or covalent. What is important is that you understand some-
thing about the formation of bonds and, if you are told whether bond-
ing is ionic or covalent, to be able to represent the structure of
the compound.

To further illustrate covalent bonding and the use of electron-
dot formulas, let us consider water. A water molecule is composed
of two hydrogen atoms and one oxygén atom.

An oxygen atom has six outer electrons and may be represented
in a number of ways, all being correct.

0 .0: o:

The oxygen atom is two electrons short of having a stable elec-
tron configuration. One way in which it may achieve stability is by
sharing two electrons with two hydrogen atoms. The result is a wa-
ter molecule.

o
oy
o
HoM

iz

Both representations are correct. It is not the function of
electron-dot formulas to indicate the shapes of molecules, but only
to show the bonding. The electron-dot formula of water shows that
an oxygen atom forms covalent bonds with two hydrogen atoms. The
oxygen atom has eight electrons in its outer shell; each hydrogen
atom has two.

23-2 Structural Formulas and Molecular Formulas

In wkat other ways may a molecule be repraesented?

Electron-dot formulas give information about electron configura-
tion, but it is easier to represent a molecule by its structural for-
mula. A structural formula represents each pair of electrons in a
bond by a line. Only c¢lectrons involved in bonding are shown. The
structural formulas of a hydrogen molecule, a chlorine molecule and
hydrogen chloride are written in this way:

H-H Cl-C1 H-C1l

Structural formulas and electron-dot formulas each have advan-
tages over the other. Structural formulas are easier to write and
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show bonds more clearly. However, structural formulas give no in-
formation about electron configuration, wiich is the key to bonding.
Electron-dot formulas enable us to predict whether or not a given
molecule is likely to exist.

As an example of the advantage of electron~-dot formulas, sup-
pose we know that a water molecule contains two hydrogen atoms and
one oxygen atom, but do not know whether the structural formula is

H-H-0 or H-O0-H

We may identify the correct one by drawing electron-dot formulas
for each. -
HiH-O: H:G:H

Only in the second formula is the oxygen atom surrounded bv eight
electrons and each hydrogen atom by two electrons. The first does
not exist.

Structural formulas do not represent the shape of molecules,
only which atoms are bonded to which. Most molecules extend in
three dimensions and their shape is difficult to show on two-dimen-
sional paper.

The substances we have been discussing can also be expressed in
terms of their molecular formulas. These formulas are a chemical
shorthand that shows the numbers and kinds of atoms contained in a
single molecule of each substance.

hydrogen: H2

chlorine: Cl2
hydrogen chloride: HC1
water: - HZO

table sugar: C12H22011

In a molecular formula, each kind of atom is represented by its
chemical symbol. Following the chemical symbol is a subscript that
indicates the number of that particular kind of atom in the molecule.
Thus H,0 indicates a molecule composed of two hydrogen atoms and one
oxygen atom. When there is only one atom of an element present, the
"1" is not written.

Molecular formulas may also be used to express the composition
of ionic compounds. We know that solid sodium chloride contains Na*
ions and Cl1~ ions joined to all the ions around them by ionic bonds,
and that sodium chloride dissolved in water exists as independent
Na+ and Cl1~ ions. Nevertheless, it is convenient to represent sodium
chloride by the formula NaCl. This formula tells us that for each
sodium ion there is one chloride ion. The formula for magnesium
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chloride, MgCl,, says that for every magnesium ion there are two
chloride ions.

23-3 More Examples of Covalent Bonding

Let us consider a few more substances in terms of their electron-
dot formulas, structural formulas and molecular formulas. Before
reading on, refer to the periodic table and see whether you can draw
the electron-dot formulas for nitrogen and carbon.

The atomic number of nitrogen is 7. Two electrons are in the
first shell, while five are in the second shell. Since five elec-
trons are in the outer shell, we may write the electron-dot structure
of the nitrogen atom.

Nitrogen requires three additional electrons to achieve the electron
configuration of the noble gas neon. One way to do this is by shar-
ing three of its electrons with three hydrogen atoms. At the same
time each hydrogen atom shares its electron with nitrogen. The re-
sult is a molecule of ammonia gas (see Figure 2).

Electron- H: N ‘H H—I?I-H Structural
dot formula H H formula

FIGURE 2: Ammonia.

The molecular formula for ammonia is NH3. All three ways of repre-
senting ammonia are used in scientific and medical writing.

A carbon atom has six electrons, four of which are in the outer
shell. Four more are needed to achieve a noble gas configuration.
One way of representing a carbon atom is

e (Mo

A carbon atom can achieve a stable configuration by sharing all
four of its outer electrons with other atoms. Methane is the mole-
cule formed by the combination of a carbon atom with four hydrogen
atoms (see Figure 3).

H

Electron- < . Ili Structural
dot formula HIC:H . H'$-H formula
H H
FIGURE 3: Methane.
The molecular formula of methane is CHy. Methane is the major con-

stituent of natural gas.
142
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The molecular formula of carbon tetrachloride is CCl,. (The
prefix "tetra-" is from the Greek and indicates four.) The electron-
dot formula shows the sharing of electrons between the carbon atom
and the four chlorine atoms (see Figure 4).

Cl Cl
Electron- Cl C Cl' Cl- C‘-Cl Structural
dot formula . ! formula
.Cl. Cl

FIGURE 4: cCarbon tetrachloride.

.

Carbon tetrachloride is a liquid that was once widely used as
a cleaning agent, because it dissolves many substances that are not
soluble in water. However, its vapors and the liquid itself are
quite toxic, and this has limited its use in recent years.

23-4 Molecules

Earlier we used the word "molecule" to refer to the individual
particles that make up gases. Now that you have been introduced to
covalent bonding, we can extend our definition of molecules to in=
clude liquids and solids, as well as gases.

A hydrogen molecule is two hydrogen atoms joined by a covalent
bond. A chlorine molecule is two chlorine atoms joined by & covalent
bond. A molecule of hydrogen chloride is one hydrogen atom and one
chlorine atom held together by a covalent bond. In general, we may
say that a molecule is a group of atoms held together by covalent
bonds. The definition of a molecule does not properly include groups
of atoms held together by ionic bonds, but we will find it convenient
to refer to the group of atoms in a formula (for example, NaCl) as
a "molecule" of the ionic substance.

A substance is made up of one type of molecule. Water is com~
posed of H50 molecules; ammonia is composed of NH3 molecules, table
sugar is composed of CjyH,,077 molecules. ‘

And each type of molecule has its own characteristic chemical
properties. 1In fact, a molecule is the smallest quantity of matter
which can exist by itself and retain all the chemical properties of
the original substance.

As an example we will take a substance called hydrogen peroxide,
which has the molecular formula H,0, (see Figure 5).

Electron- AR P Structural
dot formula H: Q:Q:H H-0-0-H formula

FIGURE 5: Hydrogen peroxide.

At room temperature it is a syrupy liquid that is used in anti-
bacterial agents and bleaches. ¥#rom a sample of hydrogen perox1§e,
we may remove smaller and smaller quantities of the substance which
still have all of the properties of hydrogen peroxide. Eventually,
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however, we would reach a point at which any further removal of atoms
would cause a change in the properties of what was left. This point
is reached when we have just one molecule of hydrogen peroxide--two
hydrogen atoms and two oxygen atoms: If we removed one oxygen atom
from this molecule, we would be left with a molecule of water--a
liquid with quite different properties. A H,0 molecule does not act
against bacteria in the way that a HZOZ molecule does, nor does it

have the bleaching properties of H- 202 The prcoperties of a molecule
are generally completely dlfferent from the parts of which it is
composed.

How does a covalent bond differ from an icnic bond?

How many electrons are shared in a covalent bond?

How is a covalent bond represented in a structural formula?
What information is given by a molecular formula?

How can one tell the number of covalent bonds that an atom is capable
of forming?

How can one perdict the composition of a molecule of a particular sub-
stance, knowing the kinds of atoms it contains?

Vocabulary:

covalent bond (ko-VAY-lunt)--a bond formed by the sharing of elec-
trons by two atoms.

molecule (MAH-luh-kyool)--a group of atoms joined by covalent bonds.

SECTION 24:

24-1 Double and Triple